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+ All you need to get started with PIC 
+ Industry standard/quality board 
+ Open the box and get coding 
+ Available with C compiler or. 
use our PicScript to write programs using: 
ds... 
— 31 
| 
Ir 
AUTOMATION 
S SCRIPTABILITY 
Ream 
PicDev Board with PicScript PicDev Board with C Compiler 
£99.00 (plus p+p) £1 65.00 (plus p+p) 
This is a complete development suite This is a complete development suite for 
for the novice or non programmer. the more advanced programmer. 
Itis shipped with: It is shipped with: 
*  PicDev Board +  PicDev Board 
+  PicShell and PicScript software +  PicShell and PicScript software 
. Breakout board + C compiler 
+ Cables + Breakout board 
+ Example scripts . Cables 
. Example scripts 
. ICD 
Both items require То order: 
* PC with serial port available d 
* —— Power supply adapter wwwpagm.couk sales@pagm.co.uk Tel: +44 (0)1792 891927 





o U 











No, not at all! 

The hobby electronics market in Australia has been historically very strong with large numbers of enthusiasts serviced by dynamic 
electronic magazines and vigorous commercial suppliers. 

The most dominant company in this "Down Under" market, Jaycar Electronics, is now in a position to offer its great range of products 
to a wider audience, thanks to the Intemet. 


Concerned about dealing on the Internet? 
Wel, you should be. At the same time, Ње amount of legitimate internet trade exceeds the 
fraudulent trade by milions and milions to one. World internet trade today easly exceeds the Gross 
National Product of many large countries 
Jaycar as been doing business оп hc ret пон far ОО 
Morginío? repeat customers on cur fles is a testimony to how safe # can be when you deal with a reliable 
www jaycarelectronicscouk supplier like us. Worried about freight costs? NO NEED with our great rates. 


2004 Catalogue - all 424 pages 

(We have printed this year our Jaycar 2004 catalogue in UK pounds. I is crammed 

packed With over 6000 exciting products. You can get one FREE by logging on to our website 
and filing out the catalogue request form at о 


We Stock: 

+ A huge range of exciting kits 

+ A great range of robotic components 

+ The best range of electronic components 

+ The largest single-source range of gadgets 

+ Security, Surveillance, Audio/Video, Lighting, Computer 
& Telecoms Parts etc. 


Check our website! 

+ Entire Jaycar 2004 Catalogue on-line — over 6000 products. 

+ 128-bit Secure on-line ordering — safe & secure. 

+ Express ordering. 

+ Search by category, keyword or catalogue number, & advanced search. 
+ Over 3500 product datasheets & application notes available on-line. 


High performance Electronic Projects A Cheap Nitrous Fuel Mixture Controller 
for Cars Book — Silicon Chip Publications кс-зза2 £725 


e Cee یی‎ Нагош oxide systems сар 5e expensive to set up, but now 
eti d 1g Electronic piss Magazine: Publisher) you can do it for much less. This project pulses a fuel injector 
АП the instruction, and more! t shows, in full VEL paste oy = emerge te 

es, tha onan карис a Yous bund on edited fuel solenoid and 

fining Instructions. alsa includes chapters on ee aia dn ey 

how engine management work, advanced ceric water pumps, coo fam, 

engine management, electronic car systems RES 

like ABS and traction control, DIY electronic ا‎ жыл eg 

modification, and more! is a definiive 

at have i you are building any of these kits, 
Sr would Just Ше to know how your cars 
electronics wark. 

сенш Theremin Synthesiser 

AM-A025 £2725 

Та a but up Theremin rom a. 

Jaycar kt The Theremin is a 

ета musical instrument tht 

Mas invented earl last century 

Eut e sill used today. The 

Beach Boys hi "Good 

Vibrations featured the 

Theremin. You can have one of these kts cat no: 
KCS295) for £1295. Al is have fist class 


WWW. jaycarelectronics. СООК Зас 
0800 032 7241 


(Monday - Friday 09.00 to 17.30 GMT + 10 hours only) 
For those that want to writ 
100 Silverwater Rd Silverwater NSW 2128 Sydney Australia 











Light level 









Temperature 


pH! 
icrophone À Eyternal sensors: Humidity 


ө Low cost under £60 Temperature 
© Built in sensors for light, temperature and sound O2 In Air 
Reed Switch 


(level and waveforms) 
9 Use DrDAQ to capture fast signals 
ө Outputs for control experiments Y 
9 Supplied with both PicoScope (oscilloscope) and 
PicoLog (data logging) software 






For more information on DrDAQ, please visit: 


www.picotech.com/drdaq112 


PC Oscilloscopes 











€ Scope and spectrum analyser functions 
A fraction of the cost,of benchtop scope 

€ Save multiple setups, for ease of use 

@ Save, print and e-mail:your traces 

€ FREE technical support for life 

€ FREE software and upgrades 

• Automated measurements: 


۵ 





For more information on our scopes, please visit: 


www.picotech.com/scope241 


Tel: 01480 396395 Fax: 01480 396296 E-mail: sales@picotech.com 











RFID frenzy 


Way back in November 1998 we already published an exten- 
sive article about active RFIDs — chips that can be interrogat 
ed over radio. Since then no major changes have been seen 
in RFID technology, and yet the popular press now seems lo 
have discovered RFIDs for the first time. The arficles are almost 
invariably grossly inaccurate when it comes to technology, one 
reporter even claiming that all RFIDs ‘radiate waves’ and by 
their sheer numbers present a serious health hazard. 

Initially | wondered what could have triggered this sudden 
interest іп a technology that’s been around for almost 30 yeors but then realized that the latest in active 
RFID equipment fits ‘Big Brother’ scenarios perfectly. Recently, a critical limit must have been exceeded in 
customer concern about privacy. y 
Traditionally, RFIDs ore applied in logistics (goods tracking] and security systems, for instance, the ignition 
immobilizer controlled by your car key. Today's use of RFIDs in the retail trade herolds a new era: RFIDs 
аге invading our daily lives. As opposed to ‘personal’ data carriers like swipe and chip cards, RFIDs can 
be read and even overwritten from a distance and without the customer noticing. Lots of things can be 
RFID'ed invisibly: goods ond packaging materials, ID cards, plastic cords and even bank notes according 
to a recent study carried out by the European Bank. There seem to be no limits to what ultra-miniature RFIDs 
with sub l-mm2 surface areas can do, except being traced easily! The same applies to the latest radio 
bugs employing spread-spectrum techniques and consequently being almost impossible to discover — see 
the article "Wireless Connectivity’ in this issue. Curiously, | do not read about the latest in RF bug technolo- 

. gies in the popular press, despite the fact that RF energy is radiated almost constantly whereas an RFID is 
silent until interrogated by a nearby transmitter. | must be reading the wrong papers. 











Jon Buiting, Editor 
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Wireless Connectivity 


Wireless data communication is the latest 
rage. From wireless mice to Formula-1 
telemetry systems, digital radio systems 
are used in many applications, and they 


оге penetrating into many new areas. In 
this article, we examine the current stote 
of affairs in the ‘airwave jungle’ 
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When the ISM frequency band was made 
available in Europe for audio applications, 
Circuit Design, о manufacturer of profes- 
sional RF modules, decided to develop suit- 
able high-quality Iransmiers and receivers 
with a wide dynamic range: these are ideal 
for use in wireless microphones. 
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RFID Detector 
for 13.56 MHz 


| Making a robot walk instead of This article describes a sensitive detector 
drive around on wheels can be a that will faithfully produce a sound in 

| daunting task. The author of the response to pulses picked up from an 13.56 
Walking Bug came up with а MHz RFID tog transmitter, be it large or 
remarkably simple solution. small, ‘portal’ or ‘portable’ 
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20 Wireless Microphone 
30 Remote Thermometer for the PC 
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Butterfly Dipole 
for DVB-T 


Digital terrestrial television (DVB-T) is 
now available in many parts of the coun- 
try. Of course, you need a DVB-T 
receiver and a (new) UHF TV antenna, IF 
you don't have о suitable antenna, the 
small indoor DIY alternative described 
here is a simple and economical solution. 


Come see us at 
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38 RFID Detector for 13.56 MHz Exhibition&Conference 
46. VHF FM Antenna Booster Nürnberg 
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5 volts Direct from the 
Mains 

Dear Sir — оз a qualified 
engineer, | was rather dis 
turbed to read of Circuit 
#009 (5 volts kom the Mains) 
in your Small Circuits Collec- 
tion in the December 2004 
edition. Though | am sure that 
the design will work as 
intended, this circuit could be 
potentially dangerous in the 
hands of an amateur ond, 
despite warnings in he arti- 
cle, | feel it should not be 
encouraged as a construction 
project where it may be reod 
by readers with litle apprecio- 
tion of he dangers of the 
mains voltages entering the 
home. As you know, domestic 
mains voltages are referenced 
1o ground through local eorth- 
ing at substations. Conse- 
quently with a 230 Vrms input 
supply, iti possible for the 
circuit to have voltages over 
600 volts on its output relative 
to earth... especially should 
there be a failure of semicon- 
ductors or other components. 
As we all know, semiconduc- 
lors сап be fickle ond it is just 
for these good reasons that 
your article mentions the usual 
use of the isolation trans- 
former in such circuits. Even 
without the fuse in place, the 
circuit is still potentially dan- 
gerous... primarily due to a 
lack of mains polarisation. 
When working with high volt 
ages, it is just as well to 
remind ourselves that even 
very small currents con be 
lethal. The statistics of the 
high incidence of mortality 
ales among electronic and 
electrical engineers should 
not be ignored. 

R.B. Willis (UK) 





Although it is stated in the article 
that constructors must make sure 
“no conductive parts con be 
touched when the circuit is in 
use.” we should have addled: 
The circuit powered by the 
proposed supply must be 





| мса advantages 
| Dear Editor — your reply to Mr. Price's letter “NiCd bater- 

ies — environment vs. quick profits’ in Mailbox, November 
| 2004 should have included о word or мо about significant 
| advantages of NiCd cells over NiMH and other battery 
| technologies. 

For one thing, NiCd batteries con operate over a large tem- 
| perature range. This advantoge is often exploited in emer- 
| gency lighting units that must be relied upon to keep work- 

ingot ambient апране oppooching 70 degree С. At 

such temperatures NiCd battery has hardly any capacity. 

Also, NiCd batteries con handle heavier loads, which is o 

‘must not only in power tools like cordless drills but also in 

RC models. These characteristics ore not [yel] equalled by 

NiMH batteries, Converting a cordless drill to run from 
| NiMH batteries is sure to end in disappointment. In most 

cases, replacing NiCd bat- 

teries with NiMH 







counterparts is 
| certainly advantageous, but the above 

‘examples go fo show that thot there ore а 
| number of opplicolions where NiCd technol 
| ову continues о ‘ue In hese cases, 

replacing the battery pack by a 

NiMH version requires a complete 

redesign. 

Ny reply is not intended as a plea 
for the continued use of environmen- 
"ally hostile NiCd batteries, but to 
supply factual information for an inter- 
esting debate. 

Mark Vermeulen (Netherlands) 


Your additions are much appreciated. Any mare views? 





incorporated in the same, for bringing this safety hazard to 
electrically safe, enclosure our attention. 

as the supply in such a 

way that no component 

can be touched. Never, 

under any circumstances, 

should the proposed sup- Vehicle Battery Jogger 
ply be used to power Dear Jan — | downloaded 
external circuits requiring Ње PCB layout for the Battery 
о supply of 5 volts. Jogger rom your website, 
The mogazine editors and ond | think it contains an 
designers apologize unreservedly error. | believe the connection 
for this omission and warn inex: Кот the positive (+) connec- 
perienced readers not fo attempt tor to the discharge resistor is 
building this circuit. much foo thin for the current 
We ore grateful to Messrs. RB. involved. 

Willis (Kingston upon Thomes) Käre Gorm Hansen 

and P. Lipscombe (Portsmouth) (Denmark) 
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Karel Wolraven replies — if a 
‘continuous current of 40 A would 
Bow, this track surely would burn 
out. However, the duty cycle of 
the signal being very small the 
PCB track will easily survive the 
average current, We did this on 
purpose becouse й осв as o fuse. 
See also ‘Exploding Bits’ їп last 
month's Mailbox. 


DCI PLC goes Internet 

Mr. lvo de Coninck, designer 
of the popular DCI PLC 
(Elektor Electronics June 
2001) kindly advised us that 
ho is busy writing software 
that will enable the entire PLC 
to be accessed from a PC 
using web pages. The hard- 
ware link is formed by the 
Ethernet network extension 
card of the Elektor Electronics 
Micro Web Server 

lloly/ August 2004). Further 
information on 
hip://home.searlet be/ 


211 Elektors 

Dear Editor — | am clearing 
out my magazines. | have 
copies of Efektor magazine 
from issue 1 to 211. Are you 
or any of your readers inter- 
ested in them? One condition 
is that if so they must be cob 


slices 1/205. 
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lected from my home in Fornell has Molex socket 
Hemel Hempstead. 77205, 26AWG, 16-нау, 
Mike Pearson (UK) P/N 148623 @ 6.67 $NZ. 


Also from Farnell a crimp 
Interested readers please contact - ool, P/N 147-124 @ 45.33 
the Editor for Mike's contact $NZ. 
details Alternatively, TYCO HE 14 


— 12way, Farnell P/N 429- 

648 @ 1.96 $NZ. Crimp ter- 

minals, Farnell P/N 429- 
Connector parts (3) 703, etc. 
Dear Editor — In the These are numbers from the 
December 2004 Mailbox, Australasian, i.e., New 
Richard Austin was looking Zealand catalogue, sourced 
for some plugs and a reply Бот Australia. | om sending 
was published in January some photos across. 
2005. 
For years | have been using 
‘Molex units, and cutting the J 
mulli way ones into smaller К 
sizes with a sharp knife. Say 
войта the biggest (16 ways) 
and cutting them to whatever 
size | needed. This saved 
A scalpel works fine fo cut 
and trim off ony excess and ши 
yes you effectively lose one n х 
hole when you cut it. 
I always crimp the wire, 
using о small pair of needle 
nosed pliers to shut the crimp 
‘over the wire, then o pair of 
sidecutters to give a final 


having to keep a whole lot of 
sizes thot were never what 
squeeze, Russell Stevens 
(New Zealand) 





you wanted on the day. 





Armed with the information Rus- 
sell kindly supplied, readers 
should be oble to source these 
‘elusive’ connectors from their 
national Farell representatives. 


Ear Boggle 

Hi Jon — 1 was interested to 
read Rev. Thomas 

Don't solder them because  Scarborough’s kitchen table 
this creates a sharp physical project ‘Ear Boggle’ in the 
transition and the wire can November 2004 issue of 
be broken if it is flexed. This Elektor Electronics. | will 

has been used successfully probably build this auditory 
оп commercial jobs that are illusion оз a bit of fun. 

sill going fll this doy. If you want to hear another 


Stelter deis 


example of this process, lis 
en to ony recording of 
Tchaikovsky's 61h Symphony. 
The tune you hear is not 
played by any instrument, but 
‘bounces’ between ће first 
and second violins making 
good use of the dichotic 
effect. 


Alon Jones 





Thanks for that Alon, I'm sure 
interested readers will care to got 
out their Tchaikovsky records ar 
CDs and check the effect of this 
Easter fgg. 


Russian Relief 
Dear Editor — | would like to 
ask Elektor Electronics reod- 
ers who are replacing their 
mobile phones, or have in 
their cupboard an old mobile 
phone and charger, PDA ond 
expired SIMM cards, lo 
donate them to us behalf of 
Russion Relief to help the less 
fortunate children. 
Some can be used by ambu- 
lance crews and doctors in 
remote areas, others for 
emergency use by people 
‘are in various forms of 
danger to summon assis- 
tance. Some phones con now 
be used to make emergency 
colls even if they have been 
disconnected from a network. 
Used laser printer and inkjet 
cartridges con also be recy- 
ед to help children 
‘orphanages ond 
Please mail them to 





Russian Relief. 
c/o E. Polosinski, 


105 Bridget St., Rugby, 
CV21 28X. 

Howard Ketley, G4BAS 
(uk) 


Obsolete electronics for charity 
instead of the landfill а great ini- 
бабе. 


Corrections & 
UPDATES 


USB/I?C Interface 
December 2004, p. 52-58, 
040334-1. 

In Figures 2 ond 4, the inputs 
‘and outputs of ICT have 
been transposed. In both dio- 
grams, pins 2 and 3, and 6 
and 7, should be swapped 
over. 

In the circuit diagram in 
Figure 1, the outer connec: 
tion of the mains adapter 
socket is shown connected to 
ground while the centre pin 
carries the positive supply 
voltoge. On the PCB 
designed for the project, 
these connections ore the 
oiher way around. 


MailBox Terms 


- Pubiciion of eader correspon 
dence is at the discretion of tha 
p 

-Viewpoints expressed by comes: 
 Pondecis эге not necessary 

ose ofthe Editor or Pusher 

- Correspondence may be vansiated 
recited tor length, clary and 

sye. 

= When replying 10 Maibos corre- 
spondence, please quote asue 
umber 

~ Pisáse send your Malon core- 
spondenca о: 


ї 


а 
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news & new products 


World’s smallest microcontroller 


Microchip has introduced revo- 
lulionary & pin Flash devices in 
оп ulta-small farm factor SOT23 
package. These devices provide 
оп ideal solution for many mar- 
kets ond uses not typically 
served by microcontrollers 
today, including ‘electronic glue’ 
1o enable, for example, easy 
bug Fixes for ASIC and printed 
circuit board (PCB) designs, and 
to replace standard logic and 
timing components or traditional 
mechanical timers and switches. 
The СТОР ВЫ Flash microcon- 
troller family debuts with four 
members (PICTOF200, 
PICIOF202, PICTOF204 and 
PICTOF206] that offer 256 or 
512 instructions [12bit program 
words) of Flash program mem- 
ory and 16 bytes to 24 bytes of 
data RAM memory. These 
devices olsa feature a precision 4 
MHz internal oscillator, 33 
instructions, two stack leves, 25 
milliAmp source/sink current 
VO, low power (100 nancAmp] 
sleep current, a wide operating 





voltage range from 2- to 5.5- 
volts, one Bbit timer, а watch- 
dog timer, in Circuit Serial Pro- 
gramming™ (СЭР) technology, 
Poweron reset, power-saving 
sleep mode ond (m the 
PICIOF204 and PICIOF206 
only) on analogue comparator 
module. With only six pins, they 
‘ore extremely cosy to use ond 
have а short learning curve for 
‘anyone not experienced in 
designing with microcontrollers 
Through ICSP _ technology, 
Microchip's 6pin devices can be 
programmed after placement on 
а circuit boord. ICSP technology 
enables field upgrades, system 
calibration during 

and the addition of unique iden- 
cation codes to Ња system. 
The PICTOF family is supported 
by Microchip's word class devel 
‘opment tools, including the 
MPLAB® InCircuit Debugger 
(CD2} development tool. The 
MPLAB ICD2 is а powerful, low- 
cos runtime tool that offers cost 
cllectve inciteuit Flash program- 


ming ond debugging Кот the 
graphical user interface of the 
Free MPLAB Integrated Develop- 
ment Environment IDE] software. 
This enobles о designer to 
develop ond debug source code 
by watching variables, single- 
stepping and setting break 
points. Running ot full speed 
enables hardware tests in reol- 
time. The MPLAB ICD2 uses a 
heoder board module to support 





the new PICIOF family 
The PICIOFZ00, PIC10F202, 
PICTOF204 and FIC10F206 are 
offered in ópin SOT23 packages. 


рес ET 


LE 
Fax (+44) (118 921 5835. 
Www anicrochio com, 





FireWire audio chip opens the way 


to affordable, high quality external sound 


Providing PC and Mac® plot 
forms with up to eight oudio out 
put and now two audio input 
channels via a single FireWire 
connection, he latest version of 
Oxford ` Semiconductor 
OXFWS7O FireWire audio con- 
troller IC allows next generation 
audio systems lo be easily 
added to desktop and notebook 
systems, 

Harnessing the high bandwidth 
ond quality of service character 
isties of FireWire (EEE1394) and 
FireWire800 _ ([EEE1394b), 
OXFW970 high quality, mult 
channel audio solutions avoid he 
need to install separate sound 
cords in desktop computers, In 
addition, FireWire’s power cor- 
tying capability meons that 
smaller speakers will nt require 
external power supplies. 

Linked fo a FireWire bus by an 





IEEE 1394 PHY, OXFW970 hon- 
dles serial audio dota conform. 
ing to the IECG1883.6 transmis- 
sion protocol and AMB24 audio 
format. Sampling 24bit audio 
packets at 96 kHz, the chip pro- 
vides four 25 stereo audio out 
puts, producing eight high qual 
ity digital audio outputs for 7.1 
surround sound speaker systems, 
and two audio inputs for musical 
instrument ond microphone 

inputs required im emerging 
GorageBand™ opplicofions. 

The 100-рїп TGFP packaged 
OXFW970 is a highly ine 
grated, law cost device that feo- 
dues on embedded АВМ7 
processor, highspeed buffer 
manager, RAM and 512 йз of 
onboard fosh memory. 
Firmware upgrades ore simply 
implemented using the FireWire 
interface and programming vii. 





ities provided by Oxford Semi: 
conductor. Eight GPIO pins for- 
ther extend the device copabili- 
fies, enabling for example con- 
кої of on extemal DAC using a 
seriol control interface, 





Orford Semiconductor Ltd, 25 Milton 
Park, Abingdon, Oxfordshire OX14 
ASH. Tel (+44) 1235 824-900, 
wwwenseni om 
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Integrated Linear Battery Chargers 


Microchip have released single- 
cell ond o dual cell versions of o 
fullyintegrated, charge monage- 
men! controller featuring а 
charge-sofely timer and a tem- 
perature monitor, These devices 
аге introduced alongside ће 
companys range of DC-DC Cor- 
verters, Linear Regulators ond 
Powarsmart battery managers 
and monitors. 

The MCP7386X devices monitor 
charge and temperature status, 
giving the user full control and 
sophisticated protection. With 
an overall accuracy of «0.5 per- 
cent, these devices maximise sys- 
em runtime between charges 
and ensure that the batiery-cell 
capacity is fully utilised without 
сусіейе degradation. Onboard 
safety timers and thermal moni 
tor provide time- and tempera- 
ture-based charge termination, 
protecting applications from 
defective batteries and increas 





ing the battery solely The 
devices obo feature reverse 
blocking protection, preventing 
оп incorrectly installed battery 
from damaging the application. 
The MCP7386X family features 
a builtin poss transistor, which 
minimises Ње number of external 
components ond the overall foot 
print. In addition, these con- 
койг extend battery life wih o 
reverse leakage current of less 
than 0.4 microamps (typical) ond 
supply а programmable fast 
charge current up to 1.2 amps. 

The MCP73861 device is speci 
fied from 4.5 V to 12 V: the 
 MCP73862 device Кот 8.7 У 
i 12 V and both operate over o 
“40°C lo +85°C temperature 
range. They are availoble in 
4.1V/42V and 82 V/84 Vio 
support one- or wocell Lithium 
lon / Lithium Polymer batteries 
[with coke or graphite anodes) 

The MCP73B6X devices ore 
offered in a РЬКее 4x4 mm 





GFN package, which features 
excellent power dissipation, ond 
therefore supports shorter charg- 
ing limes. Somples ond volume 
production are available now. 
For more information, visit the 
Microchip web sie at 
www microchip com/mep?386x 





Micohip Ltd, Microchip House, 
505 зде Road, Winnersh ionge, 
Wokingham САТ STU. 

Tel (44) (0)118 921 5869. 








Battery Authentication and Safety 


Following recen! news of 
"exploding mobile phones, due 
to the use of counterfeit batter- 
ies, Microchip today announced 
that its KEELOG secure algo- 
rithm, as used by leading avio 
motive manufacturers. world- 
wide, can now be readily used 
for battery authentication in 
portable applications. The tech- 
nology allows an application 
simply and securely to differen- 
їое between genuine and 
counterfeit batteries. 

Counterfeit batieries may violate 
both mechanical ond electrical 
safety ond security requirements 
relating to short-circuit protec- 
lion, charge safely ond other 
specifications and this can lead 
1oo potentially dangerous sivo- 
tion for the end user. 

Integrating Microchip's PIC® 
microcontrollers into the host 
system, ond one of their Pow- 
агатай battery fuel gauge 
devices into the battery pack 
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provides one of 
the industry's most 
secure authentico- 
tion solutions. 


Using the concept 
of WF (identify 
Friend ог Foe) 
where the ‘Friend’ 
ison genuine bot 
tery, ond the ‘Foe’ 
is а counterfeit 
one, КЕНО, 
with its propri- 
story encryption 
ond decryption 
algorithms, pro- 
vides a high level 
of security without 
adding excessive 
complexity to the 
sysiem 


For more information on the 
KEELOG technology, visit the 
Microchip web sie al 
wwrw-microchip.com/keeloq, 
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and for more information оп 
Microchip's Powersmart battery 
fuel gouge devices, visit 
wrw microchip.com/batiery. 


(Microchip Ltd, Microchip House, 


505 Eksdale Rood, Winnersh Tingle, 
RGA STU. 

Tel (+44) (0)118 921 5869. 

Tox (+44) (0)118 921 5820. 

Website: wunw.microdhip.com. 
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news & new products 


Battery-free 
Radio Modules 


Using piezo and solar energy 


Simply attach light switches or thermostats 
wherever or on whatever surface is most con- 
venient. No worries about cutting channels for 
cabling or changing any batteries. These ener 
gy efficient, maintenance-free radio modules 
with builtin power converters are now opening 
up new possibilities for architects and interior 
designers. They have even found an applico- 
tion inside the humble car tyre. 





Conventional wirefree sensors in switch enclosures. The Piezo сот vated only when necessary and o achieve low power consump- 
office environments rely on a — verlersused here supply approx» for as short а time as possible. боп together with a high level of 
replaceable battery to provide imately 200 uWs eoch бте the А table at the end of the article communication security while 
wer. This works fine for smoll switch rocker mechanism is oper indicales typical values of power using minimum hardware. The 
'ildings but for larger installa: ated ond we cannot expect consumed for each activity pe- modulation method used is inco- 
lions with o corresponding much more than about 20 uW formed by each of the modules herent ASK modulation and is 
increase in the numbers of sen- от the small Solar cell (10 mm currently available from EnO- particularly power thrifty 
sors/transmitters this con give _ 20 mm) at 400 lux. Thermo ceon. RF power output is limited because each digital 'O' is rep- 
fise to problems of data сотор. couples are also unlikely ю offer Юю 10 mW max, giving а range resented by the HF oscillator 
lion when more than one unit significantly more so it is impor- of up to 300 m. A short swich- turning off completely. Careful 








transmits at he some lime. Main font to ensure thatthe electronic оп fime ako contributes lo design ensures thot the oscillator 
tenance costs of battery equi circuit is os efficient as possible. power saving along with is stable again within lus of 
ment are also a consideration switch on. Modules communi 
For example o relatively large Saving strategies — optimal rodio protocol; cate using the ISM frequency 
instollaion using 4000 sensors The key о achieving low power – high data rate (120 kbit/s}; band of 868.3 MHz in Europe 
will on average require о! least consumption in the radio module — efficient modulation method. while 915 MHz is used in the 
one battery replaced daily ifthe is to use efficient design, ensue USA and 2.45 GHz for most of 


life span of each battery is ing thot the electronics is aci- The rodio protocol is optimised Ње rest of the world. 
‘assumed to be 10 years, 


Energy for free 
The modules from EnOceon do 
not need any batteries; instead 
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they convert other forms of | appe | | oom thermostat Пачуе pressure ond 
energy such as moverent, light, злоба ейт | temperature sensor 
heat or radiation into electricity. — |Gsegylermemuumeteed | as | 4 1 
EnOcean currently employs |t) 

Piezo and solar energy sources i Т 

Ьу thermocouple and resonant | аа атата | 1 | ‘ 2 

piezo generators are also in = 

velopment for use in vile | Eem енна n а E 

буге pressure sensing Ga 

All of these sources only provide | ltl energy needs for measuring E" n " 

а small amount of energy | =з я 

because the transducers ore | anion per Md T 0 
required to be as small оз рћу — fz- T > 

ically possible to ft into standard [707 memes Борса | pin fias 
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Figure 1. The batey free piezo transmiter module РТМ 100 [on the 
swith plote] Individual components are seen inthe foreground. Pezo 


converter (lk) 
lsource: EnOcean GmbH] 





Modules 

The РТМ 100 piezo powered 
module shown in Figure 1 
transmits on 868.3 MHz with а 
maximum power output ol 
10 mW. This module replaces o 
standard wollmounted light 
switch. The RF link was specially 
designed for switching in the 
field of building control. The 
module size ensures thot it fits 
inside the type of enclosure used 
by the majority of electrical sup- 
pliers. The light switch seen in 
the picture background is fitted 
with on RF module. Each module 
contains pre-installed software 
enabling simple control for the 
following applications 





— One, two or four 
gong light switch. 
- Toggle switch function 
-Dimmer 
[integrated PWM output) 
— Motor controlled 
window blinds, 
— Serial dato output 
Tor bus connection 


The corresponding receiver mod- 


471005- бш deci 


), mechanical energy converter and PCB with Antenna 


ule can be linked via a bus or fb- 
ted info a wall outlet, meter cup- 
board or light fiting. 


Another versatile module is the 
solar powered STM 100 shown 
in Figure 2. The block diogrom 
Figure 3) shows that there ore 
three analogue inputs useful for 
measuring variables such os tem 
perature, pressure or force etc 
In addition there are four digital 
inputs that detect switch posi- 
tions. The heart of the module is 
a very low power analogue 
тег circuit bull using discrete 
components. This runs contin- 
ously so il is important for itto 
use as litle power as possible, 
in faci it only consumes around 
20 nA |I}. The (Goldcap] reser- 
voit capocitor stores enough 
charge to keep it running for one 
week in complete darkness. The 
1 x 2 cm solar cell only gener 
оез around 6 pW when 
exposed to a light intensity of 
100 lux but because of the low 
power design it is sufficient to 
provide enough power for the 
complete module and also 











Figure 2. The STM 100 hos three analogue and four digital inputs. 
Energy comes from a solar cel and is stored in a high volue Goldcop 





charge the Goldcap (see table). directional radio module with 
In addition lo ће two modules modem function. 

described here EnOceon also — 
produce others powered more 

conventionally roma 5 V sup. Further information from: 

ply. These include two receiver  wemwenoceoncom 

modules, а repeater and а bi 

























































































SOLAR CELL i (p od bout tobe fe changes 
оа MN 

T = m 
| mm жагы e 

+ Ie 
ар | нае lass 
Wake up mer [rere] os [из 
s "И = e: 
WARE Wate ue рон 87 Г p" 
psit ni 
HEE dns 

П 














len calles 





13 





WIRELESS CON 


Stefan Tauschek 


Wireless data communication is the latest rage. From wireless 
mice to Formula-1 telemetry systems, digital radio systems are 
used in many applications, and they are penetrating into 
many new areas. In this article, we examine the current state 
of affairs in the 'airwave jungle'. 
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Figure | 
An excerpt rom the 
international 
frequency allocation 
EEE 3 GHZ I-54 075GHr ee 
The enormous popularity of wireless communicolion isa тозад in Table 1 
direct consequence of international agreements to desig- Naturally, the fact that the ISM bonds are subject to mini- 
nate certain regions of the radio spectrum as ISM mal regulolion is both a blessing and o curse. As there 
bands’, since widespread use of wireless connectivity оге no restrictions on the number of transmitters and по 
would otherwise never have been possible. The demand defined protocols, reliable data transmission cannot be 
for unrestricted mobile communication is the driving force guaranteed if simple data transmission techniques are 
behind the rapid development of technologies such os Used. The осі that the ISM bands must share ће ait- 
Bluetooth, WLAN, HomreRF, and other new technologies waves with other users, os well os the existence of other 
with resplendent потез. When we talk about WLAN or potential sources of interference, con be readily seen 
Bluetooth, we're tolking about applications employing ftom the postersized international frequency allocation 
ISM. ISM’ stands for "Industrial, Scientific & Medical, chart, Figure 1 shows the allocations for the 2.4GHz 
which means radio services in these fields. The ISM and 5.8GHz ISM bonds, which ore the mos! important 
bands con be used without о licence, and they are sub. bonds for wireless networking. The complete chart can 
ject to relatively lile regulation. The only restrictions be obtained free of charge from 
relate іо the maximum transmitted power ond (naturally)  hitp-//www.ntia.doc.gov/osmhome/osmhome.html 
the bandwidth, which must be kept within certain limits. Аз you can see, a large number of other radio sources 
Besides the traditional 27-MHz ISM band (used for CB. — are also active in these bands, with amateur radio Irans 
radio), there ore now ISM bands in the 433 MHz, mitiers being the most prominent. Microwave ovens and 
868 MHz, 2.4 GHz and 5.8 GHz regions. The currently radar signals соп also do о good job of polluting the air- 
used bands and their individual characteristics are sum- waves in these bands and making reliable dato transmis- 
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NECTIVIT 


sion more difficult. This means thot techniques for avoid- 
ing and overcoming mutual interference are necessary if 
these bands are to be widely used for data traffic. 





Spread-spectrum techniques 

Tb nien n Bed ley ay by кіда 
peek at he techniques used by the miliary and copying 
their well proven strategies. The magic word here is 
‘spread spectrum’, which amounts to modulating a nar- 
row-band information signal in order to significantly 
increase йз bandwidih while at ће same fime consider- 
ably reducing its level. An outstanding signaltonoise 








ISM, WLAN, WMAN, 
Bluetooth et al. 


OR gate along with a pseude-noise-code [PN code) sig- 

nal before they reach the antenna (Figure 2). This 

‘causes the transmitted power level to drop below the 

noise limit, so the signal can only be picked up by 

receivers that use the same PN code. To give an exam- 

signal is spread using an elevar-bit PN 
RF signal has а bandwidth of 






One example of on ISM transmitier IC using DSSS fre- 
quency spreading is the Micro Linear type MI2724 
{Figure 3). This 32-pin IC, which operotes from a 3.2 
supply volage, works in the frequency range of 

















Table 1. Commonly used ISM bands 
ISM 
Zu 1 2 3 4 Others 
Frequency [26:957— 40660  |433050- [авв 24- aee 
ronge 27283 [40.700 MHz | 434.790 MHz |870 MHz 2.483 GHz ene: 
Bondwidh |э2вън  |40Miz — |l74MHz [2ME 83 MHz > 150 MHz 
No persistent | Relatively forge | Relative large band- 
‘Advantages |lowpower | interference, pns v is (Mey, Very large avait 
consumption | ower con” Hon. moderate’ |lmiedie 0% in | Ondo emissus 
Sompion | price mast of the band 
Bondwidh |. 2 Propagation prob- 
High пава | ten small, i. | oh occupancy | Mora expensive боа | | Te Сыр 
Disadvon- | Oh Soe | oo al iE | im certain areas | 434 МН: ею | Sm ушшш | Not yet econom- 
tages leval due о | cult to make | (radio amateurs, | duotsuperhel tech- | 88), int ically viable 
ont com | radar) nology pru d 





























tatio is obtained when the signal is recovered, even ifthe 
level of the spread spectrum information signal is below 
Гриша конор hes base ere nee 
thumb, the increase in the signalio-noise ratio corre- 
sponds to the ratio of the transmitted bandwidth to the 
bandwidth of the information signal. I's hardly ony wor- 
der that the military ore so fond ofthis technique: not 
only does it allow them to send messoges undetected, 
since the radio signals disappear into the noise of the oit- 
waves, but it also enables them to oblain considerably 
better transmission quality than with conventional sys- 
tems. 

Two methods for generatir 
have come fo prevail, and 
used commercially. 


rect read Spectrum (DSSS) 
asl lien срести (0539), 
the signal fs essentially simple: the information signal is 

modulated by passing its data its through on exclusive 


spread spectrum signals 
th of hom aro presen 








ARS - dir dans 


2.4002 485 GHz using simple FSK modulation, and it 
contains all the functional elements (VCOs, mixer and 
Чою slicer) needed to construct a functional radio sys- 
tem using only a few additional components. Using 
DSSS, it achieves a sensitivity of -90 dBm, which gives 
it a free-space range of significantly more than 100 
metres in actual use. The transceiver is normally used 
without a tronsmission protocol, with the user data being 
simply fed into he Tx input and Jaken from tho 

without any preconditioning or processing for 
Loan Тыз is aequale етым 
the airwaves at up to 1500 kbil/sec. Although the 
ML2724 is used in large quantities for game pads and 
уез telephones, it akso hos more ck up is love, 
is spreadspectrum capability makes it mulliport copo- 
ble, which means that several MI2724 transceivers can 
communicate with each other concurrently. This capabil 
ity is characteristic of all spread spectrum techniques, 
‘and applications such as Bluetooth, WLAN ond the like 
would not be possible without it. 
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que. 
buries the dato in a 
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Code Division Multiple Access (CDMA) 

With the DSSS technique, frequency spreading is 
achieved by modulation using a pseudo-noise signal. 
This signol is also called the ‘PN code’, since it identifies 
оп individual transmitter just like an identification code. 
The information signal con only be filtered out of ће air- 
waves using the same PN cade, with oll other signals 
remaining Below the noise limit. This makes it possible 
for several DSSS tronsceivers using different PN codes to 
shore the same frequency band and communicate with 
each other concurrently without causing any problems. 
This technique is called ‘code division multiple access" 
(CDMA), which essentially means ‘multiple channels 
using code separation’. 


[2 hopin 
The cher ivorian есы ье besides DSSS is frequency 
hopping (FH). As the best known representative ofthis 
technique, Bluetooth divides the ISM bond between 
2402 MHz and 2483.5 MHz into 79 channels each 
with o width of | MHz. The signal hops (jumps) between 
channels in û cyclic pattern at the rate of 1600 hops per 
second. This maons that typical narrowband interference 
sources con cause only minor damage to the tronsmied 
dato. Figure 4 shows how several Bluetooth nodes can 
shores Rouen bad wing diner ferc, 
ing sequences. In principle, the frequency hopping 
sequence forthe FH technique corresponds 10 the PN 
собе for DSSS, since in each case mutual interference 
among the individual nodes is prevented by using a dif 
Terent spreadspecirum sequence for each node. 
The FH technology used for Bluetooth demands quite pre- 
cise channel frequency senings, with о tolerance of 
275 KHz, and exact complionce with the scheme of hop 
ping to a new frequency every 625 ns. Due to these tech- 
"ically demanding requirements, i ook several yeors of 
intensive development work before the first single-chip 
Bluetooth transceiver reached the market at a price suil- 
able for mossconsumplion products. 








Wireless local area networks 

Now that you understand the techniques described 
above, we can enlighten you a bit regarding the vari- 
us types of wireless networks curently in Use. As сап 
be seen in Figure 5, frequency hopping is the tech- 
nique used by Bluetooth and the original primitive 
УЛАМ standard, which bears the IEEE designation 
“802.11'. The more recent 802.1 la, 802.1 1b and 
802.1 1g standards ore based on DSSS, since this 
spread spectrum technique is easier іо implement, Natu- 
rally, other types of radio links using conventional AM 
ог FM modulation con also be used in the ISM bands; 
they are typically used for applications such os remote 
gorage door controls and other types remole-cction sys- 
tem (using narrow-band FM). 

Fourteen years after work began on developing the 
802.11 family of standards, rapidly increasing market 
penetration of WLAN products con be seen in ће form 
of public ‘hot spots’ in airports and railway stolions as 
well as wireless networks inside companies, The ranks 
of technology addicts and enthusiastic readers of Elek- 
tor Electronics have even anticipated this technology, 
with some rather remarkable results. What would you 
say to the idea of a WLAN antenna for less than €52 
з octoolly quite cosy. All you need to make o working 
directional antenna is an emply tin, a few screws and û 
соахі RF connector. This Ийе morvel is called a ‘can. 
tenna’, which is a combination of can and antenna 
(Figure 6j. Using inexpensive materials from o DIY 
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shop, you can build an 802. 11b antenna with a range 
of more thon 50 km. 

Currently, ће most widely used standard is 802. 11b, 
which employs the licence free ISM band from 

2.4000 GHz lo 2.4835 GHz using the DSSS spreod- 
spectrum technique. The range is 30-100 m with a trans- 
mitted power of 100 mW, which is adequate for most 
applications, although the raw dota rate of 11 Mbit/s 
leaves something to be desired, since the value obtained 
in practice is rarely more than 4-6 Mbit/s. An additional 
drawback arises from the fact ihat in most WLAN net- 
works a large number of clients want to communicate 
with each ather, so Ihe number of available channels can 
be quickly used up. The 802.1 1b standard defines 14 
channels with а bondwidth of 22 MHz per channel, 
beginning with channel 1 at 2.412 GHz. Channel 2 
starts at 2.417 GHz, offset from channel 1 by 5 MHz. 
The channels overlap, so they cannot all be used at the 
some time in a single network [Figure 7]. If several 








Figure в. 


effective: 
the Conlenna, 


Figure 7. 
WLAN channel 


‘access points ore needed in a УЛАМ, it is possible lo sona омар 
use (for example) channels 1, 7 and 14 concurrently 

More bandwidth able bandwidth allocated о this band is 455 MHz, from 

This means we need more bandwidth and more char- 5.150 GHz to 5.725 GHz. Up to 19 nonoverlapping 


nels. The standardisation committe satisfied this need in — chonnels are available, allowing the some number of 
1999 with the introduction of the 802.110 standard. it access points to be used without mutual interference. 
utilises the 5.8.GHz ISM band and employs o modulation Two years ogo, the OFDM modulation technique was 
technique colled ‘orthogonal frequency division multiplex- also introduced for the 2.4GHz bond via the 802.11g 
ing’ (OFDM). This yields о raw data rate of 54 Mbit/s, standard (2.4.GHz OFDM PHY). This means there are 
although the range is only half оз large. The total avail. presently three ‘oir interfaces’ available ~ 802.110, 


Table 2. Radio standards for WLAN and WMAN 







































































Stondord Frequency range prd | Ronge tm) 
SWAP 1.x, 05/1998 2:4 GHz (SM) licence free 1 1 50 
SWAP 2.x, 07/2002 [2-4 GHz (ISM) licence free | 10 50 
802.11, зей 1997 2.4 GHz (ISM) licence Кее 2 1 30-300. 
802.116, 09/1999 2:4 GHz UNI] licence fee 54 22 12-20 
802.11o, 09/1999 5 GHz (UNI licence Кее 54 22 12-20 
802-1 1b, 07/1999 2.4 GHz [ISM licence free Ш & 30-300 
802. 11g, 06/2003 2.4 GHz (ISM) licence free 54 22 20-100 
802.1 1h, 09/2003 5 GHz [UNI] licence fee 54 22 12-20 
802.1 1n, [anticipated 2005]** 100-320 
802.16, 12/2001 10—68 GHz licence required 134 70 50k 
802.160, 01/2003 2—11 GHz licence required 134 70 50k 
ZA GHz [ISM], licence ree 
5-6 GHz UNI/CEFT) licence free 
802.16e, 2004 2-6 GHz licence required m jet 
802.20, 2004 10-66 GHz licence required — w | 2/03 15k 
Hiper AN/1, 07/1998. 5 GHz 235 20 10 
HiperiAN/2, 04/2000 з бнг 54 42 50 
HiperACCESS 42 GHz 25 as sk 
Нїре МАМ 2-11 GHz 





could become a competitor for UMTS. 
Draft version; stondard unlikely ю be approved before 2007. 








*'WMAN' stands for Wireless Metropolitan Area Network’, which is a WLAN for a relatively large region [йу or disrict of a 
city). A WMAN is larger than а WLAN but smaller than a WAN (wide area network). Just as the WiFi Alliance strived [ond sil. 
strives] 10 achieve compatibility and interoperability for 802, 1 Базе WLAN systems 


5, the WiMax forum, founded in 2001, pur 
sues the same objectives for WMAN equipment compliant wih the IEEE 802.16 family of standards. Storing in 2006-07, WMAN 








1/2005 lke detras 





17 








802.1 Tb and 802.1 1g - but they ore to be replaced by 
802.1 In in the future. The objective is to further increase 
the dota rate to more thon 300 Mbit/s. This bit of magic 
is supposed to be achieved by using transmission proio- 
cals with greater efficiency, compression techniques, ond 
receivers with improved dynamic characteristics 

(Table 2) 


antennas 

Fe een cnt shoe thats nt thot dificil io moke 
antennas with good performance for centimetre wave sig- 
nals, Even so, i's still common practice to use rod anter- 
nas with omnidirectional characteristics, with the result 





























that most ofthe emitted RF energy goes unused. That may 
be a reasonable approach for mobile systems, but in 
fixed Tute temen distance con be con 
siderably increased by using directional antennas. There 
are several ‘clossic’ antenna designs that yield dire 
tional characteristics, such os Yagi antennas and dipole 
arrays. However, а much simpler solution is a waveguide 
closed at one end, in which a standing wave is gener- 
ated by suitable mechanical dimensioning. Figure 8 
shows the basic design of such a ‘incon’ anlenno. Here 
is he length of the standing wave in the antenna (with 
maximum being locoled at 1/4}, and L, is the waver 
length of the carrier frequency in Кее space. The size of 
the tin and the frequency jointly determine the length of 
the standing wave. Instructions for building о Conlenna. 


like this and the calculation of L can be found on numer- 
us lale mof sies, sich as (d; Mules 
less/cantennahowto.html and 

htig./ /wwaw.saunolohii fi/elepal/antenna? html. With 
coreful construction, il is certainly possible fo achieve a 
respectable antenna goin. Measurements show thot the 
range con be increased by at least a factor of o. 


mensi E AE A 
Se ызык нба М 
‘magic box of RF technology. Muliipla input, mulliple-out 
Put (MIMO) technology is also proposed as а means to 
significantly increase range ond dolo rates without 
increasing RF power. What lies behind this name is a 
sophisticated antenna technology called ‘phased.array 
antennas’, which originates from rodar A 
phased array antenna consists of а tw. nol 
array of dipole elements, which produces a radiation 
patien with a strongly focussed lobe. IF the dipoles are 
driven in phase by on RF signal, the antenna radiates a 
plane wave perpendicular to the array. This yields a con- 
siderable increase in range and eliminates multipath 
йесі at he receiver. 
Ifthe relative phases of the RF signals fed to the individ- 
чаї dipoles are modified in a suitable manner [Fig- 
ure 9), ihe direction of the lobe can be steered in almost 
‘ony desired direction without making any mechanical 
changes. The only thing that is necessary for implement- 
ing an antenna that соп emit a beam of RF waves in 
alps ony deed direcion, similar lo ha beam rom o 
hthouse (Figure 10), is ihe ability lo control the phase 
eerie nid ede rela, 
Although this technique does nol inereosa he total 
amount of energy radiated by the transmitter antenna 
{which means it sill complies with the regulations), it con- 
siderably increases the amount of energy arriving at 
receiver antenna. 
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in our efforts to boost the performance of our WLAN. 
However, MIMO also encompasses improvements at the 
receiver end to raise the total physical capably of the 
system. The initial objective is to solve the problem of 
multipath effects. Especially in enclosed spaces, radio 
waves do not travel to ће receiver antenna along only 
опе path, but instead along many different paths that 
resul from multiple reflections. The reflected signals are 
offset in phase from the main signal, ond the net result of 
superimposing the reflected signals on the main signal 
can dramatically reduce signal quality and thus decrease 
the usable range. This makes antenna position a decisive 
factor, and changing the position of the antenna by only 
a few centimetres can be enough lo make good recep- 
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tion considerably worse or dramatically improve poor 
reception. For this reason, current WLAN implementa. 
fions already have two receiver antenna paths, which are 
demodulated in two independent RF front ends of the 
УЛАМ chip sel. For each transfer (transmit and receive}, 
the baseband coniroller checks which of the two paths 
provides the better result and selects it to be used for fur 
ther processing. This technique is called ‘antenna diver. 


sity! 


Spatial multiplexi 

Atenna diversi s aimed exclusively ol improving 
results at the receiver end, and it can be used even if the 
transmitter end has only one antenna, However, if mulli 
ple antennas are used at both ends of Ihe path, even 
more refined technical tricks can be used to improve the 
air interface. 


Ws clear that when radio waves in the centimetre wave 
range are used for data communications inside a build- 
ing, closely adjacent locations con have quite different 
data transfer characteristics. This knowledge сап be used 
to cleverly transform the problem of multipath reception 
inlo а major benefit. lf at least two antennas are used for 
both transmission and reception, it can be assumed that 
the two transmit-receive antenna pairs do not use the 
same path through the air, but instead two different 
paths. In theory, these мо transmit-receive paths can 
actually be regarded as two separate channels, despite 
the fact that they use the some corrier frequency, so they 
can fransfer different information and thus double the 
bandwidth (Figure 11). In proctice, or course, ће two 











Figure 11 
Muliple antennas at 
each end con 
considerably 
Increase bandwidth, 



































paths do по! behave exactly like two mutually isolated 

chonnels. Nevertheless, a significant increase in bond. 
obtained using this technique, which is 

I multiplexing 








ation therapy 

There's a very good chance that MIMO will be included 
in ће upcoming 802.11 WLAN standard, although the 
standard is unlikely to be approved before 2007. Never 
theless, manufacturers of WLAN chip sets, such as Ath 
eros, are already anticipating the new standard with new 
generations of ICs incorporating ‘pre-802.1 In’ features 
For instance, the ARSOOSVA chip set has ай the technical 
capabilities necessary to allow it to be made 802.11- 
compliont by simply updating the driver sofware after 
the stondard has been firmly defined. The chip set has 
two RF front ends, so the MIMO tricks described obove 
соп be implemented using two antennas for th 
and receive functions. A data rate of more thon. 

100 Mbit/s con already be ochieved using ће 
 ARSOOSVA, which is enough to allow even НОТУ video 
1o be transferred over a wireless network. 
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Looking for ICs TRANSISTORS? - 
А phone call to us could get a result. We 
offer an extensive range and with a world 
wide database at our Fingertips, we are 
able to source even more. We specialise in 
devices with the following prefix (to name 
buta few). 
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‘The WA-TX:01 (transmitter) and WA- 
RECO! (receiver) modules represent a 
novel concept in the wireless transmis- 
sion of audio signals. Thanks to low 
power consumption, the technology 
lends itself to а wide range of audio 
applications. The transmitter and the 
receiver include components such as 
SAW fiers, SAW resonators and noise 
reduction ICs. 

‘These key components allow the 
development of small high-quality 
audio modules in accordance with 
European radio regulations and with 
EMC and RATTE guidelines. This 
means that a wireless link can be 
added to an audio device without hav- 
ing to worry about a complicated, 
expensive and time-consuming certifi- 
cation process. The frequency channel 
used by each module is fixed, but there 
are four separate channels available in 
tho band from 863 MHz to 865 MHz, 
and so multiple systems can coexist in 
the same location. 


The maximum sound 
pressure level (SPL) which 
can be tolerated by humans is 
140 dBgpy, which is measured rela- 
tive to the minimum audible sound 
pressure level of 0 Ву. = 20 Pa. In a 
quiet room the background noise level 
is about 20 Вт, and the sound pres- 
sure level of the human voice is around 
120 dB, It can therefore be seen that 
the dynamic range required for a nor- 
mal wireless audio transmission sys- 
tem is around 100 dB. 

If an audio frequency of 15 kHz is 
transmitted using analogue frequency 
‘modulation, the required bandwidth 
(BW) is given by: 


Bw= 
2 (maximum frequency deviation + 
maximum modulation frequency) [Hz] 


Unfortunately any FM circuit must su- 
fer from residual sideband noise origi- 
‘nating in the PLL or crystal oscillator. 
As a rule of thumb, we can reckon with. 
a residual noise, measured in terms of 
frequency shift, of around 50 Hz. For a 
dynamic range of 100 dB (ie., a factor 
‘of 100 000) we therefore need an over- 
ай frequency deviation of 50 x 100 000 
= 8 MHz. As you might expect, this 
means that the required bandwidth is 
much greater than that available in 
this application. For comparison, FM 
radio transmissions make do with a 
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maximum deviation of 75 kHz in a 
bandwidth of 180 kHz (mono) or 
264 kHz (stereo plus traffic data). 

dn order to solve this problem while 
keeping within the legal restrictions on 
frequency deviation, a compressor is 
built into the transmitter and an 
expander into the receiver. This tech- 
nique is called a compander noise 
reduction system (Figure 1). 

Tho Dolby noise reduction system 
varies the compression ratio with fra- 
quency. The compander noise reduc- 
tion system used here, on the other 
hand, fixes the compression ratio at 2:1 
over the entire frequency range, thus 
halving the dynamic range of the sig- 
nal. In the expander, whose ratio is set 
to 1:2, the exact opposite occurs, and 
the dynamic range is doubled again. A 
dynamic range of 100 dB is thus 
reduced to 50 dB for transmission. 
We can now recalculate the frequency 
deviation required. With a residual 
noise of 50 Hz we need a frequency 
deviation of 500 Hz for a 20 dB 
dynamic range, 5 kHz for 40 dB, and 
20 kHz for 52 dB. A wireless system 
with а signal-to-noise ratio of 50 dB. 
can carry sound signals with an origi- 
‘nal dynamic range of 100 dB. 

Why, in this ‘digital аде", do we 
employ analogue transmission tech- 
niques for the wireless microphone 
rather than, for example, PCM? There 
are several reasons. Many countries 
have not allocated a dedicated fre- 
quency band for digital wireless 
‘microphones. Digital transmissions 
using PCM require a wide frequency 
band, which is not readily available 





below 1 GHz. Above 1 GHz ‘dead 
‘spots' start to appear, meaning that 
these frequencies are not suitable for 
live use where the performer may 
move around between various posi- 
tions on stage. Finally, conversion to 
digital requires much more power, 
making it less practical to run the 
device from small batteries. 


If desired, the modules (both receiver 
and transmitter) can be operated from 
215 V battery via a low-noise DC-DC 
converter available from Circuit 
Design. In order to achieve the 100 dB 
dynamic range that is possible with 
the wireless microphone, the noise pro- 
duced by the DC-DC converter muct 
be less than -60 dBm. The WA-DC-01 
DC-DC converter requires an input 
voltage of at least 0.9 V and can pro- 
duce an output voltage of 3 V at the 
‘maximum load current of 50 mA. 


The transmitter 

Figure 2 shows the functional blocks 
of the WA-TX-01 transmitter. We will 
Took at each in turn. 


Input buffer (BUF) 

This circuit is an input buffer for the. 
microphone capsule or other sound 
signal source. The maximum input 
level is ~15 dBV and the input imped- 
ance is 7.520. Ifthe maximum output 
level of the signal source is not suffi- 
cient, a low-noise amplifier must be 
‘connected before the buffer. If the sig- 
mal source level is too high, an attenu- 
ator should be used. 


E 








Figure 2. Block diagram of the transmiter module. 


Compressor 
‘The audio signal from the buffer stage 
is compressed using a ratio of 2:1. The 
compressor consists of a reference 
generator, a full-wave rectifier and а 
summing amplifier. The reference gen- 
erator provides a bias voltage and а 
constant current to the other parts of 
the circuit. 

‘The full-wave rectifier circuit rectifies 
the incoming signal with the aid of an 
external capacitor. The output current. 
of the rectifier controls the gain cell 
amplifier. The time constant of the con- 
trol loop is set, in part, using an exter- 
nal filter capacitor and an internal 
100 resistor. The summing amplifier 
adds the incoming signal and the signal 


from the gain cell amplifier together. 
‘The summing amplifier used in the 
compressor needs different properties 
from the one used in the expander, and 
во different components are used in 
the transmitter and in the receiver. 


Pre-emphasis 
"To reduce noise at the upper end of the 
‘audio frequency range, which is a par- 
ticular problem when using frequency 
‘modulation, this circuit boosts higher 
frequencies using a time constant of 
Sous. 


AF low-pass filter (AF LPF) 
‘This circuit limits the bandwidth of the 
audio signal in order to ensure that 





interference to adjacent channels is 
kept within the permitted limits. 


Oscillator and modulator 

In order to operate directly in the 
800 MHz band, a crystal-based SAW 
(surface acoustic wave) filter resonator 
with good temperature stability is 
used as the oscillating element. Fre- 
‘quency modulation is achieved using 
а varicap diode that forms part of the 
oscillator circuit. 


RF power amplifier (PA) 
‘This circuit steps the RF output of the 
oscillator up to the transmit power of 
about 5 mW. 


RF low-pass filter (RF LPF) 
‘This circuit attenuates the second and 
higher harmonics of the transmitted 
‘signal and provides antenna imped- 
ance matching, 


Voltage regulator (AVR) 

"This circuit provides a stable 2.7 V sup- 
ply for the whole circuit. It operates 
from a battery supply of between 3 V. 
and 9V 


The receiver 


‘The block diagram of the WA-RX-01 
receiver module shown in Figure 3 is 
practically the mirror image of the 
transmitter, using similar components. 


RF band-pass filter (SAW) 

‘The 800 MHz frequency band used in 
this wireless audio system is extracted 
using this filter. А high-seloctivity SAW 





Figure 3. ... and of the receiver module 
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iter is used to ensure that frequencies 
outside the band are eliminated. 


Oscillator (OSC) 
A quartz crystal oscillator is used to 
mix the incoming signal down to an 
intermediate frequency of 10.7 MHz. 


ВР amplifier (LNA) 

A low-noise amplifier is used to 
amplify the 800 MHz frequency band 
by 10 dB. 


Mixer (MIX) 

‘This circuit creates an intermediate fre- 
quency of 10.7 MHz, produced by mix- 
ing the amplified received signal in the 
800 MHz band with the output of the 
oscillator. 


IF amplifier (IF1 to 1F3) 

Those provide a total gain of 100 dB, 
the final stage acting as a limiter 
Before and after the amplifier chain, 
10.7 MHz ceramic filters are fitted to 
provide selectivity. 


FM detector (DET) 
This circuit demodulates the fre- 
quency-modulated IF signal. 


RSSI detector (RSSI) 

Signals from the middie of the IF 
amplifier chain are rectified producing 
а DC voltage proportional to the signal 
strength. 


Muting comparator (COM) 

"The RSSI signal is compared to a pre- 
set voltage which can be adjusted 
using a potentiometer. If the level at 

















Figure 4. Interfaces forthe radio modules. 
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the antenna input falls to 17 dBUV or 
less, the output signal is turned off. 


De-emphasis 
This compensates for the 50 ps pre- 
emphasis, making the overall fre- 
quency response of the system fat. 


AF amplifier (AF) 
"This circuit amplifies the demodulated 
audio signal before it is passed to the 
expander, 


Analogue switch (SW) 

ifthe signal strength falls too far, the 
audio signal is muted using this 
switch. An LED indicates when this 
muting occurs. 


Expander 
The dynamic range of the audio signal 
is doubled by this circuit, which oper- 
ates in much the same way as the 
compressor. 

AF output amplifier (AF) 

The output of the expander circuit is 
amplified again for output. 


Voltage regulator (AVR) 


either connect a microphone or any 
other desired audio source with a max- 
imum output level of -18 dBV. In most. 
cases, however, an electret micro- 
Phone will be used. There is a small 
offset voltage present at the AF input 
with P1 adjusted to maximum: in our 
prototype we measured about 0.15 V. If 
a dynamic microphone is to be con- 
nected, itis essential to add a coupling 
capacitor. Alternatively, omit R1 and 
connect the dynamic microphone in 
place of the electret microphone. P1 
сап be used to attenuate microphone 
signals that are too high, so that the 
radio module is not overdriven. 

‘The receiver circuit is slightly Jess sim- 
ple. The receiver module has two out- 
puts, one for the signal itself and one 
which indicates whether the signal 
strength is adequate or whether the 
muting circuit has been triggered 

Since we have plenty of power to spare 
‘at the receiver (battery operation here 
isnot essential) we can afford an extra 
indicator in the form of LED D1. 

In order to amplify the output of the 
receiver module (which, at 100, is not 
exactly low impedance), we have 
added a buffer amplifier. This is a classi- 








This circuit provides the entire circuit 
with a stable 2.7 V supply from a bat- 
tery voltage of between 3 V and 12 V. 


Interface 


‘Thanks to these complex modules that 
include almost all the necessary elec- 
tronics, what remains is straightfor- 
ward. Figure 4 shows the two parts of. 
the circuit. In the transmitter we can 








cal non-inverting AC amplifier built 
around a rail-to-rail opamp which can 
operate from a voltage of between 27 V 
and 12 V, almost the same range as for 
the module. We have shown a supply 
voltage of 5 V, although 3 V or 12 V 
‘would do just as well Ifa different (non- 
тайлочай) opamp were used, a supply 
voltage of 5 V would be required. Many 
‘opamps will only operate correctly with 
a symmetric power supply of +5 V or 


























COMPONENTS 


LIST 


Resistors: 
RY = 2k02 





P1,P2 = 10 kO preset 


Capacitors: 
C1,C6 = 4pF7 63V radial 

E27 = 100nF 

C3,CSC8 = 1OpF 63V radial 
E4 = 4700F 
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Semiconductors: 
Зат, green, low current 

m, red, ow corren 

WATXOI (Circuit Design] 

WA ФОТА (Circuit Design) 

TS921IN [or equivalent гой охай. 

opamp) 






Miscellaneous: 

1 = 2way pinbeader with ў 
(angled if necessary) 

KI = 3 Simm jock socket, PCB mount 
leg. Conrod Electronics 2 732893) 
BIT = battery holder for two 1.5V 
boreries 

МЕСТ = electret microphone 

PCB, no. 040402-1, available from The 
PCBShop 














with an asymmetric 10 V supply. A fur- 
ther advantage of the TS921 used here 
is its high output drive capability: it can. 
directly drive headphones or even two 
32 0 headphone transducers wired in 
parallel, although in this case C6 should 
be replaced by а 1004F 10 V type. The 
47 Q output resistor protects the opamp 
from the inductive load of a shielded 
cable and from short circuits. Trimmer 
potentiometer P2 allows the gain to be 
adjusted from unity (P2 at minimum 
resistance) to 10 dB (P2 at maximum 
resistance). C6 removes any DC compo- 
rom the output and R7 ensures 
that there is always a load at the out. 
put Since the opamp has asymmetrical 
supplies, a capacitor (C5) is also 
sdback circuit, R3 and 
R4 set the operating point of the opamp 
at half the supply voltage. C7 and C8 
provide extra power supply decoupling. 
‘At higher supply voltages it is neces- 
гу to increase the current-limiting 
resistors for the low-current LEDs so 
hat the current through them does not 
‘exceed about 2 mA. 
We have designed a two-part printed 
сасий board to accommodate the radio 
modules and the few external compo- 
nts (Figure 5). The layout is designed 
for optimum audio performance. 
‘The components should be fitted to the 
board, observing that the transmitter 
module can only be fitted to the copper 
side. An ordi 
provides the audio output. 
















































5 mm jack socket 





All that remains are the antennas. In 
principle a stiff piece of wire with 
length 1/42. (78 mm at 860 MHz) will 
Чо the job; more professional antennas 
can be found on the Circuit Design 
website at http;//www.cdt21 сопу. 
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863.125 MHz; 863.625 MHz; 864.500 MHz; 864.875 MHz 
‘one (fixed) 

SE 

орргок. 50 m line-ofsight 

90 dB (with IHF-A filter) 

50 Hz to 15 kHz + 3.5 dB [output level -50 dBV + 3 dB) 

2% {@ AF | kHz, deviotion = 15 kHz or 7.5 kHz) 

50 ps 

OC to 50°C 


SAW oscilator, crystalbased 
2mw 

£10 kHz 

50 ys 

Compressor 

1 pW maximum 

15 kHz (1 kHz -25 80] 
-115 dBV io 15 dBV (1 kHz) 





5kn 
3V9 
Maximum module current consumption 
Measured current consumption 17 mA@3V 
Receiver 
Receiver type ‘Superheterodyne 
Mixer oscillator Crysolcontolled 
intermediate frequency 107 MHz 
Noise reduction Exponder 
Sensitivity 21 d&V (8 THD 2%) 
Squelch sensitivity 17 dBpV =4 dB 
Audio output level [at module] -20 ЧВУ (deviation 
Maximum -10 dBV 
[deviation = 30 kHz) 
Audio output impedance (at module) 10ка 
Supply voltage 3V 12V 
Maximum module current consumption. У 
30 тА 
Measured current consumption (D2 on, R2= R3 = 560 Qj 
32mAG3V 
40mAGSV 
52mAG9V 


Note: O d8V = 0775 V 


Curve А shows the overall transfer characteristic ofthe entire 
radio link, measured ot minimum gain (green) and maximum. 
gain (red). The input signal to the transmitter was ot -46 98У 
roximately 5 mV]. The output signal at maximum goin was 
273] dV. The ойра signal of he receiver is 5 dB above the 

input level othe transmiter. Wah a higher input ial evel he 
somewhat at higher frequencies, but ihe ompli- 

eda at 5.5 khz is up io 3 dB higher han hot oi 1 kHz. 
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Curve B shows the distortion [plus noise) at the output of the 
receiver against signal level, measured over the frequency 
range from 22 He to 22 KHz. The optimum value appears to 
occur wilh an input signal level at бе ransmiter ol 5 mV. In this 
case the input signal is raised from -70 dBV to -15 dBV with 
the gain at the receiver is at a maximum. This is more than ode- 
quate for speach signals. 


> э 
foes b eee os 
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Curve € shows the spectrum with an input signal 
level et tha колын of 5 mV. Моз of he orton is e 
second harmonic. In this созе the THD+N figure is 0.85 % 
{over the frequency range from 22 Hz to 22 kHz]. 
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300Hz not allocated in the UK kHz 9-14 kHz radionavigofion; thunderstorm detection ЗОКНЕ 


14-19.95 kHz maritime mobile [ind submarines) 
6 kHz BT service 
19.95-20.05 kHz frequency standards 


THE RADIO 
FREQUENCY 
SPECTRUM 


from DC to 30 GHz in 4 pages 


Life without wireless communications is almost 
unthinkable in the modern world. These days 
virtually everybody makes use of some type of 
transmitter or receiver: GSMs, broadcast radio 
and TV, WLAN, Bluetooth, and so on. And there 
is still a lot more happening in the radio 
spectrum. In this article we show what else can 
be found in ‘the ether’. 
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40 kHz JJY (fime signals, Japan] 
50 kHz RIZ (ime signals, Russia) 
60 kHz MSF (time signals, England] 
77.5 kHz DCF (ime signals, Germany) 
70 kHz - 130 KHz redionavigation (NDB) 
130 ~ 148.5 kHz maritime mobile 
135-137 kHz omoteur radio 
148.5:283.5 KHz AM radio (Long Wave) 





335 - 495 kHz rodionavigation. 
526.5- 1606.5 kHz AM & DRM radio (MW) 
1800 kHz rodio amateur (160m) 





Over the years, organisations throughout the world have allocated 
certain parts of Ihe radio spectrum for specific applications. An 
‘overview of this allocation can be seen in the chart at the top of 
the pages of this article. The range that we're looking at here starts 
о! abou! 300 Hz and goes up io an amazing 30 GHz. 


The chart has been divided into eight paris, called frequency 
bonds. This division has come about partially due to historical rea 
sons and is also due to decisions made at international conven- 
tions. Roughly speaking, frequencies in a certain bond seem to 
have similar physical properties. There will of course be some over- 
lap of he properties ot he transition of two bands. 


Low frequencies 
Radio signals with lower frequencies are hardly by obsto- 
des such os buildings ond ees, compared o signals wih ihe ke- 
uencies. The higher the frequency the mare the will be atten 
tated by obstacles а 

Another useful characteristic of with. ies up lo about 
SOW efr hey tena ta klo he ord he Bak, Sce 
the aerials are rarely much higher than the corresponding wove- 
length, the Earth ап important role in ће si Жол. 
се үче ыныр ыыы ыйла] 
receiving aerials to ‘see’ each other. 





Broadcasting 

Опе ofthe bestknown uses of radio communications must surely 
be broadcast radio. Until now the most common modulation уре 
used for this have been AM and FM. Three parts of the spectrum 
are reserved for AM radio: the long wave [DW], medium wave 
(MW) and shortwave [SW] bands. 

Of these, the shortwave (SW) is sill used the most because depend- 
ing on propagation this bond is suitable for worldwide communi- 
cations. Because of the higher frequencies (formally, between 
1.6065 MHz and 30.00 MHz], groundwave propagation no 
longer plays an important role and these signals hardly follow the 
curvature of he Earth. 

Ви it is still possible o receive world service stations on distont 
shores and to receive stations from the other side of the world in 
this country. This is made possible by о certain otmospheric layer, 
called the ionosphere, This layer reflects radio waves kom he short 
wave band. The radio station transmits a very powerful signal [15 
to 120 KWI) at an angle towards the ionosphere. This angle is cho- 
sen in such a way thatthe radio waves are reflected to he required 
area on the globe, where they can then be received. 

The majority of people tend fo associate IW/MW/SW wiih the 
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post and instead listen fo FM radio (87.5 to 108 MHz]. The sound 
quality of these transmissions is much better than those on the ‘AM’ 
bands. FM transmitters offen also. extra services like RDS 
(radio data system). For example, a cor radio con automatically 
switch to a different station (broadcasting the same programme] 
when the reception on the current station worsens, Another service 
automatically stops the CD or cossetie player and switches to the 
radio whenever o traffic announcement is made. 
A recent їп the broadcast world is he transmission of 
digital rodio signals [DRM] in ће shortwave bands. This allows. 
data os well as oudio to be included in a broadcast. Iis therefore 
likely that various extra services will be introduced in shortwave 
broadcasts 


This is a subject that we've covered before in Elektor Electronics. 
In the March 2004 issue we published a design for a digital short 
wave radio receiver [DRM receiver) 


There are currently also digital radio transmissions (DAB, Digital 
Audio Broodcosting], which are on alternative to ordinary FM 
radio. The same development is taking place in television: the сот 
‘ventional analogue transmissions [which take up a fairly large port 
of the spectrum) will eventually be replaced by digital tl 
(087, Terrestrial Digital Video Broadcasting). An improvement in 
чоойу is not the only advantage of he switch to digital technot- 
оду. The available spectrum is utilised more eficiemly because sev- 
eral channels сав now be placed in the same section of the spec- 


kom. 
This development has already happened with satellite TV: apart 
from the original analogue TV satellites, you'll find that most mod- 
епп satellite transmissions are now digital. 





Professional communications 
Apart Кот rodio ond television broadcasting, there оге many mote 
‘where radio is used for the exchange of information. 
Jus think of the communicofions in oviotion, shipping, the police, 
‘etc. These particular groups also have various parts of the spec- 
trum reserved for them. It should be noted that the use of all bonds 
mentioned so for require о licence. 
Ore ol ho more remarkable bonds for profesional vse is he one 
covering 0.3 to 3 kHz. This part of the spectrum is used primaril 
фы cosmic ы mcis ke bie is These 
‘extremely low frequencies оге not heavily attenuated by water. 
Figaro mara eo 
тоге) dato, ond not speech, Should o situation arise where 
speech communication is vital, the submarine will irst receive a 
Sce commond by BE can fen use be ormai Кепеге. 
Gies [usually SW) for the ionsmissions.. 














3MHz 
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SW AM/DRM broadcast, 
Ону and Radio Amateur bands 
{80/40/20/17/15/10m) 

6.765 - 6.795 MHz ISM 
13.553 - 13.567 MHz ISM 
26.957 - 27 283 MHz ISM 
26.96 - 27.41 MHz CB (EU) (11m] 
27.60125 - 27 99125 MHz CB (UK) (Tim) 


30MHz 





50 MHz radio amateur (6m) 
54- 72 MHz MOD; VHF-television (phased out) 
76 87.5 MHz PMR, MOD 
87.5 - 108 MHz FM radio 
108 — 117.975 MHz rodionavigation [VOR] 
137 MHz weather satellites (orbiting) 
144-146 (148) MHz amateur radio (2m) 
146 — 174 MHz PMR 
174 — 216 MHz DAB; VHF Band 3 television 


300MHz 





Incidentally, licensed radio amateurs are also regarded as protes- 
sional users. Various parts of ће spectrum have been set aside for 
this group of users, whose transmissions are often of an experimen 
tal пом. 


ISM bands 

The ISM bands (Industrial, Scientific and Medical) are special in that 
you don't need a license to use them, unlike many other bands. 

there are many parts of te spectrum that may be used by anybody 
for various purposes, as long as type-approved equipment is used. 

‘The 433 MHz and 866 MHz анада the best known of 
these (cordless phones and microphones). The 2.4 GHz band also 
comes into this category, which is where we find, among others, 
wireless LANs and Bluetooth. The microwave oven also hos its 
place here. 


27 MHz 

The 27 MHz band, also known as CB (Citizens Band) or 11 metes, 

lies between 27.60 MHz and 27.99 MHz in the UK, and between 
26,96 MHz and 27.41 MHz in the EU. In the UK о license is 
required to use CB, although in many other European countries this 
is no longer the case. Lorry drivers and cabbies are one group of 
people who are well known for their use of CB to keep in touch on 
the road. This band is also used (as well as parts of е 30, 35 and 
40 MHz bands) for radiocontrolled models, such as aeroplanes 
‘and remote controled cars and boats. 

A small port of the CB hos been reserved for use os an ISM band. 


Time signals 
Up. юле we've: concen mainly on و‎ between 
le. There are also a score of applications where radio com- 
Faunce ood loads poseen. One Scale of Ris 
is he transmission of time signals. 
Extremely accurate fime signals are sent from а number of VIF tons- 
mitters, spread around the globe. One of the best known in conti 
nenial Europe is the DCF77 transmitter, which is near Frankfurt in Ger- 
топу. This station operates at a frequency of 77.5 kHz ond irons- 
mits a highly accurate time signal derived from an atomic clock 
Watches, clock radios and other clocks that have a suitable receiver 
built in, automatically set their бте to that from the DCF77 signal. 
‘Switching between summertime and wintertime also happens auto 
matically! Since these types of transmitter use o relatively low fre- 
quency, their signals can be received at great distances (typically 





1000-1500 kms}. This means that one transmitter cavers a very 
large orea. 


Positioning systems 

Another type of оп automated application of radio waves is а posi- 
Boning system. Although GPS is nowadays pretty much in the pub- 
lic domain, in commercial and military aviation o different type of 
navigation system is used, which has beacons on the ground, 
instead of satellites in the sky, Small bands have been reserved 
throughout the spectrum for the various types af positioning system. 

The aviation industry uses several systems side by side. In the LF 
part of the spectrum are the socalled МОВ» [Non-Directional Bea- 
cons). These transmit, as the nome implies, а signal in all direc- 
fions. In aeroplanes that use NDB novigolion, an arrow points in 
the direction of ihe transmitter. As long оз this arrow points directly 
forwards you know you're flying straight towards the transmitter, 





Another system is the VOR system (VHF Omnidirectional Range). 
This navigation system tells you at what compass point the осто. 
plane is relative to the transmitter. Whereas ће NDB system only 
works when you're fying in the general direction of the beacon, the 
VOR system works regardless ofthe direction the aeroplane fies in 
The ILS (Instrument Landing System) is probably the most widely 
known navigation system in aviation. This system assists pilots dur 
ing the landing, so they con sill make a safe landing when there is 
bad (or no] visibility. The ILS indicates whether the aeroplane is on 
the right course towords the runway and that it fies at the correct 
ойде. 

A lot of effort is put into replacing these (old fashioned) systems 
with GPS based ones, but of the moment GPS is not accurate 
enough to use it for landing aeroplanes, 


Galileo 

А number of European countries are collaborating on a project to 
create о network similar lo GPS. Just like GPS this network makes 
it possible to determine your position very accurately. This new sys- 
tem, christened Galileo, also uses a network of satellites in space. 

It is anticipated that this system will be even more accurate than 
the current GPS! 

‘Three frequency bonds have been reserved for this new system 

One is for transmissions from Earth to the satellites to upload new 
information or course corrections. Another is for communications 
between the satellites and the last is for sending information to 
users in Earth. 
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380-395 MHz TetolPol] 
400-430 MHz Trunking radio 
430-440 MHz radio amateur (70cm); ship/shore rodar 
433 MHz ISM, SRD, LPD 
446 MHz PMR-446 rodio 
440 - 470 MHz PMR, Tetra. 
470 - 806 MHz UHF [DVB-T] television 
876.1 - 958.9 MHz GSM-900 
1030 MHz/1090 MHz cerenautical transponder (IFF) 


1240-1300 MHz rodio amateur (23cm] 
1650 MHz geostationary weather satellite 
1710.1 - 1879.9 MHz GSM-1800 
1880 — 1969 7 MHz DECT telephones. 
1899.9- 1934.9 MHz UMTS 
2400 – 2500 MHz ISM (WLAN, Wifi, Bluetooth] 
2446 - 2454 MHZ RFID 
2450 MHz microwave ovens 
10 GHz rodio amateurs 


30GHz 





The frequencies used for transmissions to users on Earth have been 
made intentionally high (max. 5.01 GHz], since these frequencies 
allow extremely accurate measurements to be mode. 


GSM 


‘Mobile telephones are the application that has 
р анаан на nd 
body phoning or texting in almost every place imaginable. The tele- 
Hore rosis qos bre GON rav con coe seon 
wherever you 

The frst GEM networks made use of the GSM-900 spem. This syr 
tem operates, as ће name implies, at frequencies near 900 MHz. 
This was later joined by the GSM-1800 network, which 











‘ot frequencies near 1800 MHz The for use by third- 
‘generation mobiles ware auctioned off not long ago. The system 
used for this, UMTS, employs frequencies that are higher sil. 


The disadvantage of these high frequencies is that the range of 
the transmitters is reduced ot the зоте power levels. This is not 
just due to the higher attenuation by the ай, but is also caused by 
other obstacles such as walls, cars and trees. Any conducting 
objects (metal or containing water) contribute to the attenuation. 
This means tha! many more bose stations will be required to cover 
ће same orea. 


And finally... 

Ifyou want fo find out more about the goings on in the ether you 
need ba по further than ће lee ecu RENS TD 
National Frequency Register’ and the pages of the 

colam Agen y сомы той cannons T Шера coe app 
cations, allocations and licensing. А search for “frequency alloco- 
tion’ on Google returns а large number of other interesting sites. 





[Former] Radiocommunications Agency: 


0965 мт 
US frequency allocations: 


I/05- ki dei 


Does a microwave oven 
cause interference? 


ll see that microwave ovens operate in the same bond 
Gop eta ied 
аа н ae teneor eee 
Wireless LANs use о speciol modulation technique, which makes use of o fairly wide 
range of frequencies. This was done on purpose so thot if there wos interference in o 
‘small part of the spectrum й would only have a smoll effect on the connection. The 
‘Bluetooth system, which is obo in the 2.4 GHz ISM band, also uses the so-called 
“spread spectrum’ modulation. Bluetooth transmissions rapidly change between dif- 
ferent channels within the band, averaging out the effects of possible interference. 
The interference may originate from a microwave even. This machine is in fod just o 
‘powerful transmitter in a box with o door. This door В there for a very good reason, 
which is o stop the powerful RF energy rom | Microwave ovens tre sur- 
rounded by metal ond o metol mesh | the window in the door. When the door 
is dosed the whole functions as o Faroday coge and radio waves should not be able 
Vis Me ces eq pce apy leaks sightly ond some 
BF snl wil espe. Ts wal no a prn, but wih oder or Иган 
microwave ovens й could be a significant amount of energy. If your WLAN receiver 
doesn’! hove о good input stoge there is a possibility that the connection suffers 
reser d i dies mesi don basen шы i 
el be 
youll ose the connection altogether 








figure 1. RF signals can reach beyond the horizon using a layer of 
| gases in the atmosphere. 








REMOTE THERMOMETER 


Cyril Jouanjan 





With the aid of a PC and intelligent temperature sensors it is very easy 


and quick to assemble a professional temperature datalogger. Using e- 


mail, up to four temperatures can be monitored from a distance. The 


sensors are simply connected to the PC parallel port. 


In this article we describe a system 
that measures and records tempera: 
tures. The heart of the system is a 
‘Visual Basic program. This software 
reads the temperature sensors, which 
are part number DS1621 from Dallas 
Semiconductor. Up to four sensors can 
be connected. The measurement accu- 
тасу is 0.5°C and the interval between 
successive measurements is 2 sec- 
onds, 10 seconds or 1 minute. 

‘The program can display the measured 
values either as a graph or simply as 
text. A chart with the most recent 60 
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measurements is available and another 
chart showing the most recent week. 
The latter allows zooming in to a reso- 
lution of one hour. In addition it is pos- 
sible to store the results in separate 
files for later manipulation in, for exam- 
ple, a spreadsheet 

А novelty of this program is the option 
of sending email warning messages 
via the network to which the PC is con- 
nected. This requires only an SMTP 
mailserver. The messages contain the 
date and time and the recipient can 
simply view them as any other email. 





Up to three recipients can be entered. 
Furthermore, itis also possible to check 
remotely, or even when absent, whether 
particular alarm has occurred and at 
what date and time. This could be used 
to monitor the temperature of an air- 
conditioning system, or for example, the 
temperature in a computer room or 
boiler house. The maximum period that 
can be recorded is ane week. 

Each sensor has two alarms that can 
be set. They are triggered when a 
threshold has been exceeded. In this 
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PC data logger with 
email alerting 


FOR THE PC 


‘way the alarm can be raised when- 
ever, for example, the temperature 
exceeds 25 and 30°C. For each event a 
separate message can be sent An 
upper- and lower-limit or two lower- 
limits are also possible. A hysteresis of 
2C prevents (many) pointless mes- 
sages when the temperature hovers 
around the alarm threshold. This cir- 
cuit allows а cheap warning system to 
be built. An old PC with a 200 MHz or 
во processor and network card is cas- 
ily sufficient. 


Circuits 


The sensors ate connected using the 
familiar C bus (Figure 1). The sensor 
‘boards themselves are effectively con- 
nected in series, where in each case 
the output from one sensor is con- 
nected to the input of the next one. The 
last sensor — which is, of course, the 
first one if only one sensor is used —is 
connected to the PC. In Figure 1 this is 
indicated with the symbol '/- Inciden- 
tally, the software also supports an 
internal ISA FC interface card. 
Figure 2 shows the schematic of a 
suitable interface for the parallel port. 
of a PC. The design has been derived 
from an application note from Philips 
and actually consists of only a single 
1C. The 741.505, a hex inverter with 
open-collector outputs, is used as a 
buffer. In addition, a couple of pull-up 
resistors are required, a 25-way sub-D 
connector (male) and an RJ11 socket. 
That's all. 


Sensor connections 


‘The sensor used here, the 051621, 
already contains practically all the nec- 
‘essary components. The IC also con- 
tains a built-in thermostat, but that 
functionality is not used in this project. 
‘The accuracy of the DS1621 is of the 
order of 0.5 °C without the need for any 
special calibration. The measuring 
range spans from -55 °С to +125 °C 
and the conversion time is 1 second. 

‘As well as the IC itself, three addi- 
tional resistors are required, which are 
necessary for setting the address (refer 
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Figure 3) In this way, conflicts on the 
FC bus are prevented. The sensors are 
identified using a 7-bit address, three 
of which are programmable by the user 
(typical for an PC address) plus one 
mode bit 

The address lios between 144 
(A2/A1/A0 all logic zero) and 158 
(A2/A1/A0 all logic one) in steps of 2 
and is programmed using jumpers. The 
value that has been set needs to be 
entered into the Visual Basic program. 
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The DS1621 is connected to the PC bus. 
through the wires SDA, SCL and GND. 
‘The power supply is derived from the 
PC. The 10D-nF capacitor provides 
decoupling of this power supply voltage. 


Construction 


The citcuits are not very involved and 
are easily built on a small píece of pro- 
totyping board. Of course, if you are 
familiar with a PCB layout package 


Figure 2. One small IC and a few resistors make a complete interface. 
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then it is also quite easy to design a 
PCB yourself. 

Tho final result is very compact. In the 
‘prototype, the pull-down resistors are 
SMD versions. They are very easy to 
solder directly to the PCB traces. 

‘The sensors are connected to each 
other using cables fitted with RJ11 
plugs. The maximum length of the bus 
that is allowed depends on the number 
of DS1621 circuits and is determined 
by the capacitive load on the PC bus 
(400 pF maximum). In practice, the 
author, using two sensors, obtained a 
‘maximum length of 7 m. If necessary, 
this length can be increased using bus 
extenders like the 828715 from Philips. 


Software 


Now let's take a close look at the soft- 
ware. When you start the program for 
‘the very first time it will initialise with 
the default configuration. You can sub- 
sequently modify the configuration by 
selecting the menu General Configura- 
tion ftom the main program window 
(Figure 4). The corresponding window 
will appear (Figure 5), In this window, 
all the parameters related to the tem- 
‘perature measurements can be 
adjusted. At PC Bus you select the type 
‘of PC interface used. The option I2C inf 
instructs the program to obtain the 
configuration information бот an 
external file with the name I2C ini. This 
file has to be in the Windows folder. In 
this fle, under the section [12C Card], 
you can enter the base address (hexa- 
decimal) of the FC interface card 
(default value is 0x300). Under the sec- 
tion [I2C Paral there should be the 
hexadecimal address of the parallel 
роп (usually 0x378 for LPT1). 

‘The parameters for the four sensors 
сап also be entered in the screen of 
Figure 5. All the parameters for one 
sensor are next to each other. Under- 
neath the decimal address of the sen- 
sor is a text field that can hold the 
name of tho sensor. For example cool- 
ingt, cooling 

By selecting Yes under Acquisition the 
actual measuring commences. If sub- 
sequently Yes under Record in file is 
selected, the measuring results are 
saved in a text file (Ше opnlixt 
through file opná tit]. 
Activating the alarms is done in much 
the same manner. If Yes is selected 
under Alert high, the alarm is raised 
when the corresponding value is 
exceeded (otherwise when it drops 
below this value). You can enter in the 
remaining text box the message that 
needs to be sent via email. 






































Figure 3. Jumpers select the address of the sensor 












































Table 1. Addressing 
i Address | Address | Address | Reod/ 
laagi rod 2 1 о | Wie 
1 o 0 1 A2 Al A0 | R/W 
ва7 | me | ваз | ваа | ваз | ва2 | ват | BHO 
Finally, you can enter at the bottom the corresponding name is shown on a 


how often the temperature from the 
sensors needs to be polled (acquisi- 
tion period), 


Viewing the results 

After you have entered the adress 
and name of the sensor and activated 
return to the main window (Figure 4). 
This window is updated at the same. 
Tate as the acquisition period entered 
earlier. If the sensor has been detected, 


flashing green background, with the 
‘temperature shown on its right, Ifthe 
‘sensor does not reply or ifthe address. 
entered is not corect, its name 
appears with a solid red background, 
Inthe same manner, the software indi- 
cates with a green colour whether 
communication on the F°C-bus is cor- 
rect (PC OR). 

‘Two graphs show the temperature 
variation(s). The first graph contains 
‘the most recent 60 measurements ver- 
sus time. This display offers a quick 





Figure 4. The main program window gives о good overview of the temperature 


history. 
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view of the most recent information. 
‘Typically this is the last hour when the 
measuring interval is one minute 

‘The second graph, using a zoom func- 
tion and horizontal slider, allows all 
measurements to be examined over 
the period from 1 hour ago to 7 days 
and 8 hours. This enables you to view 
what happened a few days ago. The 
measurements in the graph are 
updated once a minute independent of. 
the selected acquisition period. 


Alarm via e-mail 


To activate the alarm via email you 
require the following: 


-an SMTP mailserver accessible via 
the network to which the measuring 
PC is connected. If no suitable server 
is available, but the Internet is, then 
you can install one yourself. There 
are numerous free mailservers avail 
able for all the common operating 
systems. One example is Mercury 
transport system, which is available 
for both Microsoft Windows as well 
as Novell Netware 

—An email account, configured for the 
name of the temperature station that 
will be sending the messages. 

— Up to three email accounts to receive 
the messages. 


Now go to Mail Parameters to enter all 
this information (Figure 6). in Mail 
server IP address enter the address of 
the SMTP server. In the boxes for 
Administrator, Secondary and Third 
email enter the addresses of those 
who will receive the alarm emails. 
Don't forget to tick the corresponding 
Active box. 

‘The email address of the temperature 
station is required because mail 
servers usually don't accept incoming 
mail without a sender's address. Enter 
the address that you configured earlier. 
Confirm by clicking OK. After complet- 
ing all this you can send a test mes- 
sage to the server from the menu Pref- 
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Figure б. There is another window for configuring the e-mail functionality. 


erences/ Test. If everything goes well, 
the message will appear in the mail- 
boxes of all the recipients. 


Finally 
Most ot i ise s ae so ns 
a briet hop teat that appears when 
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hovering the mouse over the appropri 
ate box. When installing the main pro- 
gram, the program TestPC is also 
installed at the same time, This utility 
allows the C-bus to be checked for 
correct operation and can detect the 
sensors connected to the bus. 
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WALKING BUG 


A robot with servo-powered legs yg 







А. Vreugdenhil 


Making a robot walk instead of 
drive around on wheels can be a 
daunting task. The author of this 
Walking Bug came up with a 


remarkably simple solution. 
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Although our robot does not stand 
upright on two legs, it can actually 








walk using just two servos and a min- 
imum amount of electronics. The 
‘power of the design is, of course, found 
in the combination of these two ele- 
ments. The servos make the ‘natural” 
‘movement needed here: just back and 
forth. As an advantage over other actu- 
ators, they can be directly driven by a 
microcontroller, which saves us a lot of 
driver and interfacing electronics, see 
Figure L 


"The mechanical construction of the 
Walking Bug is also relatively simple, 
the legs! being secured directly to the 
servo spindles. 


Servos 


А servo is basically an electric motor 
with-a gear assembly driven via an 
internal positional detection circuit. 
Bosides the supply voltage, the servo 
needs a drive signal that serves to 
indicate the desired position. Conse- 
‘quently the servo monitors, changes 
and maintains its spindles position 
all by itself. As long as the drive sig- 
nal remains the same, the servo 
spindle will not turn — the spindle 
will only turn if the drive signal 
changes, 


‘The drive signal consists of square- 
wave pulses with a swing of 
5 volts. The period of the pulses is 
constant, while their width 
determines the spindle posi- 
Чоп. The zero position of the 
‘servo spindle corresponds to 
а pulsewidth of about 1.5 ms. 
Depending on the desired 
amount of rotation, the pulses are 
made shorter or longer, however a 
constant period of 20 ms has to be 
maintained. 


Software 


Our purpose is to make the robot put 
опе leg in front of the other so as to 
make the creature ‘wal’. Considering 
how a servo needs to be driven, imple- 
menting this movement may look like 
a complex task for a microcontroller to 
handie. Fortunately, it could be done 
‘without too many problems thanks to 
the programming language used by 
the author. BASCOM-AVR comprises a 
special routine for driving servos. It 
accepts a value, supplied in the form of 
а parameter, which directly determines. 
the spindle position. This routine 
relioves us of the task of having to cre- 
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Figure 1. The microprocessor exercises direct control over the servos. 


ate the PWM pulse shape and timing 
required for servo driving. 

All we need to do is program the 
‘actual ‘walking’ of the robot creature. 
This has been achieved as follows in 
the program. In the main loop, subrou- 
tine ‘Step 1° is jumped to every 
100 ms. In this routine, the micro 
counts from 1 to 12, the values corre- 
sponding to the 12 positions a servo 
spindle turns to when one ‘real’ step 
is made. Elsewhere in the program 
you'll find a table allowing the micro 
to look up a value to be read and 
copied to the servo subroutine at the 
current state of the stop. 

‘That concludes the operation of one 
servo. However, the other servo needs 
to work ^in step’ to enable the creature 
хо actually move forwards (and back- 
wards). А co-ordinated walking move- 
ment has been achieved by making 
one leg precede the other by an angle 
of between 45 and 60 degrees. In the 
software, this has been implemented 
by adding a fixed amount to a current. 
servo position, and reading the value 
for the result in the lookup table. In this 
‘way, the servos follow each other's 
movement by a fixed difference. 


Backwards 

‘You may have seen on the photographs 
that our Walking Bug has twa 'anten- 
nae’. Two stiff wires are secured to 
microswitch levers, allowing the micro- 
controller to detect ifthe Bug has run 
into an obstacle. 

И that is the case, the program 
branches out of the main loop into а 
‘subroutine "Васі causing the robot to 


walk backwards for a while. The ‘Back’ 
subroutine simply calls ‘Step! but this 
‘ime with the variable ‘Sense set. With 
the ‘Sense’ flag set, the 12-position 
counter counts down causing the robot. 
to walk backwards, The actual direc- 
tion is determined by the microswitch 
that was first closed by the obstacle. 
At the start of the main loop, before the 
dump to ‘Back’, the variable ‘Direction’ is 
meaning to the left and '2', to 
the right. Sing this variable an extra 
difference is created between the 





Hardware 


As you may have guessed from the 
software description, the hardware is 
‘modest’ by all standards. An Atmel 
‘microcontroller type AT9052313 is the 
brains” of the little robot, directly con- 
trolling the servo via port pins PDO 
and PDS, PD1 and PDS drive two 
LEDs that light alternately when the 
robot is walking straight on, or indi- 
cate it is walking backwards to the 
"left or ‘right’ 

51 and S2 are microswitches secured 
to the two antennae — when actuated, 
the micro knows that an obstacle is in 
the way. 

The bug is powered by four batteries 
or rechargeable cells — voltage stabil- 
isation is not required. 


Construction 

On the printed circuit board designed 
for the Walking Bug (Figure 2) you 
first mount the passive parts, that is, 
the resistors, capacitors, ceramic res- 
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R2,R3 = 005 


Capacitors: 
€1,C3,C4 = 100nF 
C2 - TOF 16У radial 





Semiconductors: 
01,02 = LED, loweurrent, 3mm 
ICT = AT9052313-10P1 


‘onator, connectors and microswitch: 
‘Next, continue by fitting the LEDs and 
the microcontroller (preferably in an 
IC socket). 

We recommend first checking the 
electronics for proper operation. This 
is simply done by connecting up the 
battery and the servos. If the servo 
discs move up and down and the 
movement changes when the 
microswitches are actuated you can 
safely assume that the circuitry works 
as it should, and you ate ready to 
assemble the Walking Bug. 

‘The backbone af the creature is formed 
by a strip of metal bent as illustrated 








Miscellaneou: 
XI = 4MHz ceramic resonator 
K2 = Sway Sil pinheader 
X3 KA = 3way Si pinheader 
51, S2 = miniature microswich, (e.g. 
МВРУ, Conrad Electronics # 
704571] 
2 servos 
2 battery holders for? AAA batteries 
PCE, ce 04007 1-1 from 
www thepebshop com 
source & hexcode Мез, order code 
040071-1) 
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in Figure 3 (example). The PCB 
secured at the front using an M3 bolt 
and mut. Do not forget to insert a PCB 
spacer, else the copper tracks at the 
PCB underside are in danger of touch- 
ing the metal strip. Immediately 
‘behind the first bend in the metal strip 
2 hole is drilled to accommodate the 
on/of switch. This switch is inserted 
between the battery pack and the sup- 
ply connector on the board. 

Next, secure the legs’ to the servo 
spindles. To prevent the robot sagging 
through its own weight, its legs should 
be cut from solid metal (steel) wire, for 
example, 2-mm thick spokes for bicycle 











Figure 3. Showing how the various parts are 





secured to the metal backbor 





wheels. Most servos have a disc with 
holes secured on to the spindle, These 
holes can be used for the legs, too, by 
bending the metal wire into a U shape, 
where the length of the lower side of 
the U equals the distance between the 
holes. This allows the wire to be 
passed down and up through two 
holes. Next, the end is bent back at the 
underside of the disc, clamping the 
wire in place. At some distance from 
the servo, again bend the two ends 
away from the servo at an angle of 
about 90 degrees. The correct position 
of the disc (with the legs secured on it) 
to the servo spindle may have to be 
established by trial and error. 


‘The servos and battery holder may be 
secured using tie wraps, although this 
makes exchanging the batteries a bit 
difficult. Akernatively, glue the battery 
holders to the servos. A less perma- 
nent option is to use rubber bands or 
Velcro. 


Your own 
experiments 

‘This design is ideally suited to further 
experimentation, not just with the 
‘mechanical construction, but also with 
all parameters used in the software 
control. For example, if you decide to 
use different legs and adapt the values. 
in the tables, or the difference values, 
the Walking Bug will continue to work, 
at least in principle, sometimes better, 
sometimes with a funny gait! Your aim 
should be to find the best interaction 
between software and hardware, 


‘The PCB contains an ISP (in-system 
programming) connector, K2, which 
allows you to reprogram your robot 
using BASCOM-AVR (see link at tho 
end of this article). The wiring of the 
TSP cable (including three resistors) is 








‘summarized in Table 1. In BASCOM 
AVR, select ‘sample electronics pro- 
grammer 





Table 1. Programming cable details 


printer port | K2 





283300 | 4 
[4Wwesom | 1 | wa | 
5(e330Q| | 3 эск 
" 2 mso | 
18 5 GND | 
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EASY To Use! 
Very LOW Cost! 
Extremely FAST 


ПЕ ДАЛЕ Turnaround! 


DESIGN your two or four layer PC boards 
_ SEND us your design with ju 
RECEIVE top quality boards in just days 








ADVERTISE IN 
ELEKTOR ELECTRONICS! 


CONTACT: 
Huson International Media 





Gogmore Lane 
Chertsey KT16 9AP 
England 


Tel: + 44 (0) 1932 564999 
Web: www.husonmedia.com 
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“Swora PSADMIÓ Hand Held USB zc 





Instrumer 


+ siping B VAT 


100 mm x 160 mm 

1 pe = 45,74 Euro 
100 mm x 80 mm 

5 pcs = 68.97 Euro| 
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As we all know, checkout gates in highstreet stores will 


faithfully sound an alarm if you walk out with an item not 

‘cleared’ by checkout staff, i.e., paid for. This article describes 
a sensitive detector that will equally faithfully produce a sound 
in response to pulses picked up from an 13.56 MHz RFID tag 


transmitter, be it large or small, ‘portal’ or ‘portable’. 
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Figure 1. At the heart of the circuit we see the NEĜ] 5 monolithic receiver/ detector IC. 


‘The system of passive RFID recogni- 
tion has been in use for decades 
already mainly in large department 
and fashion stores like C&A. Tradition- 
ally, these systems work at frequen- 
cies designated for ISM (industrial, 
scientific, medical) use. 


Many different frequencies have been 
adopted since the early 1980's. The 
system is extremely simple and has 
proved quite effective in stopping 
shoplifters. All clothes and other items 
for salo in the shop are ‘tagged’ with 
а difficult to remove, mass-produced 
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hence low-cost plastic ‘disc’ contain- 
ing no more than a resonant circuit 
tuned to any one of many available 
EAS frequencies. These are generally 
in the bands 186-28 MHz, 744- 
8.70 MHz, 7.30-8.70 MHz but many 
Other frequencies may be used 
depending on application, permission 
and country. Once your purchases 
have been paid for, checkout staff will 
remove the tag(s). Nothing will hap- 
pen if you then carry your shopping 
bag through an RFID checkout gate. 
The ABS or glass gate contains a larga 
antenna coupled to a quite powerful 


pulse transmitter working at an EAS 
frequency. If the passive tag is still 
present in your bag. it will resonate in. 
response to the transmitter's pulse 
and draw a tiny amount of energy 
from it, the coupling being mostly 
through the magnetic (H) rather than 
the electrical component (Е). The 
pulse ringing, resonance, energy with- 
drawal or indeed any other distur- 
bance of the magnetic field created by 
the TX power is faithfully detected 
and an alarm is sounded. Time to open 
‘your bag at the request of ‘Security’ or 
the shop manager. 
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Figure 2. Block diagram of the NE/SA&1 (courtesy Philips. 





Figure 3. The PCB is single-sided but also carries components at the solder side, in 
this case а couple of 100-nF SMD capacitors for effective supply decoupling, 


From flaky 
fo reliable 


In the early days of passive RFID, the 
checkout gates and associated bard- 
ware produced more fake than real 
alarms, to the extent of staff often no 
longer bothering about continuous 
alarms. Those were also the days 
when you could walk through an RFID 
gato with  common-or-garden grid 
dipper in your pocket tuned to an EAS 
frequency and trigger mayhem in the 
security department. In follow-up sys- 
tems great improvements were 
achieved in respect of reliability by 
miniaturising and hiding RFID tags in 
and on clothes and books. Instead of 
removing the tag, it was ‘disabled’ 
(we'd say grossly detuned) by a strong 
magnetic pulse at the checkout. 

‘Today, much of the world's fashion and 





clothes retail trade seems to be 
‘tagged’ invisibly and transmitters 
have become unobtrusive to the extent 
of being handheld, much like a metal 
detector for use on persons. The basic 
principle, however, тепи 
unchanged: a passive tag will either 
detune or ‘load’ a nearby RFID trans- 
mitter. Passive RFIDs cannot convey 
data unless that's taken to mean “Tm 
here”. Also, goods (and even livestock) 
identification using unique numbers is 
securely in the realms of active RFID or 
barcode systems, never passive RFID. 
The ISM frequency 1356 MHz on 
which our receiver is designed to work 
seems to bo in use for active as well as 
passive (EAS) RFIDs. 





A dedicated receiver 


The detuning and resonance effects 


COMPONENTS 
LIST 





R6 = 15k0 
#7 = 47 





CI determine expetimenaly; sort 
without it sf 

со 

C3, TCO = 100 SMD cate 0805 

C4 22, 18V radial 

€5 = 3F 

EM 

Р 

C12 = lyf 16V dil 

CIL 

CIA = 25/2 16V годы 


Semiconductors: 

D1 = LED, green, low current 

D2 = LED, ed, ow current 

TI = BC547B 

12,13,14 = ВС557В 

IC] = NEBISN or SAGTSN [DIP20 
cose] 

1C2 = LP2951CN [DPB case) 

Xi = ВМН quarts crystal 

В21 = бу DC (active) buzzer 


Miscellaneous: 

FULA = SEES 5 IF ceramic fiter 

SI = on/off switch, 1 contact; 
abernatvely a pushbutton 

Seve Hammond 13908 diecast 

9V botery wilh clip-on leads 

PCB, ref. 0402991 from Tha PCBShop 








mentioned above take place at rela- 
tively small distances from the trans- 
miter, say, two metres or less depend- 
ing on TX powor and antennas used. 
То be able to spot an active 13.56-MHz 
RFID transmitter from a greater dis- 
tance we obviously need a sensitive 
receiver and a pickup antenna that's 
a5 small as possible. Here, a super- 
heterodyne receiver is used in combi- 
nation with an etched microstrip 
antenna. Our design is not suitable for 
134kHz RFID systems. 

‘The circuit diagram in Figure 1 is hap- 
pily uncluttered and does not contain 
a microcontroller or any other black- 
box element. The central part is an 
NES15 (or SA615) integrated circuit, 
1C1. Referring to the block diagram of 
the IC in Figure 2 we'll explain the 
operation of the receiver. For conven: 
ence, the pinout of the 20-pin DIP ver- 
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sion of the IC is also shown. 
‘The 5А615, says Philips, is a high per- 
formance monolithic low-power FM IF 
system incorporating a mixer/oscilla- 
tor, two limiting intermediate fre- 
quency amplifiers, a quadrature detec- 
tor, muting, logarithmic received signal 
strength indicator (RSSI) and voltage 
regulator. If the type code sounds 
vaguely familiar we bet that's due to 
the '615 combining the functions of the 
famous NE/SA602/612 double-bal- 
anced mixer and the NE/SA604 
demodulator chip. As compared with 
the NE/SA605 the NE/SA61S features, 
among other plus points, a higher 
mixer input intercept point and higher 
IF bandwidth (25 MHz). 

‘The NE/SAG05 and NE/SASI5 are func 
tionally identical but the '615 has 
improved specifications in some 
respects (soe SAG15 datasheet), 

‘The RFID transmitter signal is picked 
up by a closed loop antenna made from 
PCB tracks. Together with tuning 
capacitors C1 and C2 we're looking at 
a miniature magnetic loop antenna. 
The balanced antenna signal is 
applied straight away to the mixer 
inside the NE/SAG15, The oscillator 
input of the mixer (refer to Figure 2) 
receives an 8-MHz signal obtained 
from quartz crystal X1. The difference 
frequency obtained from the mixer is 
13.56 — 8 = 5.56 MHz, which is taken 
through a 5.5 MHz ceramic filter (nor- 
mally used for TV sound subcarrier 
systems). The filter's bandwidth of 
about 300 kHz is sufficient to receive. 
signals between about 13350 MHz 
and 13.650 MHz, which nicely covers 
our target frequency of 13.560 MHz. 
‘The output signal of the IF amplifier 
inside the NE/SA615 (pin 16) is applied 
to another 5.5 MHz ceramic filter, FL2, 
dor additional suppression of unwanted 
mixer products. The limiter inside the 
‘SA/NE615 (input: pin 14) also amplifies 
the IF signal. Referring back to Fig- 
ure 2, both filtered amplifier signals are 
applied to the RSSI circuit which 
serves to tell us the signal strength of 
the RFID transmitter. 

‘The RSSI output (pin 7) supplies a cur- 
rent between 0 and 80 pA as a meas- 
ше of the received signal strength The 
relationship is logarithmic allowing 
large signals to be measured too. This 
allows us to equip our detector with 
two activity outputs: a LED, Di and a 
buzzer for far away and nearby RFID 
transmitters respoctively. 

‘The demodulator in the NE/SA615 is 
simply not required so we need not 
waste any words or even external 
parts on it 
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Figure 5. Top side of the boord with oll the parts ited. Note the wire link 


connecting the stripline antenna to С2//С1 


‘The detector's trigger level can be set 
to personal requirements using preset 
PL. In practice, it should be set to max- 
тойу, ie. the LED should 
just not come on when you're sure there 
isn't an active RFID TX for miles around. 
None the less, powerful SW stations or 
man-made noise around 135 MHz may 
Cause the LED to light occasionally. The 
adjustable threshold also allows a lower 
battery voltage (after several hours of 
use) to be compensated. 

The receiver bas a simple power sup- 

ply consisting mainly of a low-drop 
regulator LP2951 whose low-battery 
indicator signal is used to light an LED 
when the battery voltage drops below 
about 6 V. 

‘The current consumption of the 
receiver in standby (non-activated) 
state is about В mA from the 9-volt PP3 
battery. 








Construction 


‘The receiver is built on the printed cir- 
cuit board shown in Figure 3. The 
board is single-sided and no problems 
are expected in the construction 
department as only regular-size com- 
ponents are used at the ‘top’ side and a 
few SMD caps at the soldor side. Also, 
there are no inductors to wind! 

‘The SMD capacitors at the solder side 
of the board have to be fitted first. The 
positive aspect of their small size is 
their extremely effective decoupling 
abilities while also allowing the board 
size to be kept to a minimum. The 
SMDs may be seen in the photo of the 
solder side of the board, Figure 4. The 
top side of the board with all the com- 
ponents fitted appears in Figure 5. 
Quite satisfied with the results 
obtained we plan to apply ‘SMD caps 
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Figure 6. A look inside our tested prototype of the RFID detector 


for decoupling at the solder side! more 
often in future Elektor projects, so it 
may be good idea to buy a small stock 
of 0805-size 100 nF capacitors. If you 
object to the use of SMDs altogether. 
then solder on a couple of miniature 
ceramic C's instead. 

The NE/SAGI is best soldered onto 
the board rather than inserted in a 


diecast case from Hammond will also 
allow the battery to be secured inter- 
nally with Velcro. Plenty of room, too, 
for the on-off switch or pushbutton, 


Test, use, 
customization 


socket. The quartz crystal is preferably 
a low-profile type. 

‘The photographs underline our strong 
advice to fit the receiver in a metal 
case, with the loop antenna of course 
protruding from a slot. A type 1590 


Using a dip meter we were able to 
make the LED light at several metres 
distance from the detector. The buzzer 
started to sound when we approached 
the detector to about 10 cms. RFID 
transmitters with gate-type antennas 





The road not taken 


Some of you may wonder why the receiver is not designed using o standard interme- 
diate frequency of 455 kHz or 107 MHz. After all, ће NE/SA615 con handle both 
and a wide choice of filers is available for these indusirystondord IF frequencies 

It sure îs possible to build а single conversion receiver for 13.56 MHz using the 
NE/SABI5 and 455 kHz or 10.7 MHz IF. lets ossume we wish to use on IF of 
455 KHz for which many dirt cheap ceramic fiers are available. Consequently, 
the local oscillator LO] frequency would have to be 13.56 MHz = 0.455 MHz 
14.015 Hz or 13.105 MHz. Вой are perfectly possible if you are willing to fork 
out 1520 pounds for o custommade quartz crystal ond suffer a supply ime of 46 
weeks. The some horrors apply if ал IF of 10.7 MHz is chosen: ‘impossible’ LO. 
frequencies like 24.26 MHz or 2.86 MHz emerge from the calculations. 

The alternative presented here, a cheap 8 MHz (microcontroller) crystal ond two: 
equally low cost ceramic filters beats any attempt at using nonstandard quartz 
crystals for a DIY p 
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can 
be relied 
"upon to supply much 
stronger signals so you 
should be able to detect 
their presence and activity from quite 
а distance — a nice highstreet pastime 
while the missus does the shopping 
The values of R2 and R3 are subject to 
experimentation if you want different 
LED/buzzer activation thresholds. 
‘The antenna may be carefully tuned to 
resonance at 13.58 MHz by tweaking 
the capacitance across it (C1//C2). This 
is conveniently done with the aid of a 
grid dipper or a squarewave generator 
and monitoring the voltage developed 
across P1 (RSSI output). If your func. 
tion generator does not reach up to 
136 MHz then set it to a frequency of 
which 13.56 MHz is an odd harmonic 
(like 2.712 MHz or 4.52 MHz). Termi- 
mate the generator output with its 
nominal impedance in series with a 
few turns of stiff insulated wire formed. 
into a small loop. Hold this loop close 
to the detector's antenna and increase 
the generator output level until an 581 
indication is obtained. Now work on 
the capacitor(s) until the received level 
maximises. 
Finally, advanced users may want to 
try out a larger surface antenna to get 
even higher sensitivity. A window 
antenna with a size of 75 x 75 mm 
tuned with a capacitance of about 
500 pF is a good starting point. A 
much simpler variant, two telescopic 
or whip serials of about 1 metre in 
length also give surprising 
results. Both variants are, of course, 
less suitable for covert operation, 





Note 
The RFID receiver described in this orti 
Че is intended for educational or scien. 
Sli use only, t will sound an alarm if a 
nearby, ociive 13.56MHz transmitter is 
detected, which may indicate the pres 
ence of a (hidden) RFID tag of the 
active or passive type. 
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Handyscope HS3 2ch 


Resolution Menu - 12, 14 or 16bits Web-enabled Building Automation control unit 
Sample Rates - 5,10,25,50,100 Ms/s models Process control device with 8 states machines 
= Network interface & web browser configuration panels. 
8 configurable trigger inputs _____ 
12 TTL digital inputs 
8TTL & O.C digital outputs 
+ 4 Temperature sensor input 
1 Rotary encoder input 
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THE ORIGINAL SURPLUS WONDERLAND! 


THIS MONTH'S SELECTION FROM OUR VAST EVER CHANGING STOCKS 
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This month's special 
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All steel Rack Cabinets 
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SOFTWARE SPECIALS 


NTA WorkStation, complete with service pack 3 
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PicoScope 3000 Series 
PC Oscilloscopes. 


The PicoScope 3000 series oscilloscopes are the latest: 
offerings from the market leader in PC oscilloscopes 
combining high bandwidths with large record memories, 
Using the latest advances in low power electronics, the 
oscilloscopes draw their power from the USB port of any 
modern PC, eliminating the need for mains power. 


* High performance: 10GS/s sampling rate. 


& 200MHz bandwidth 

+ 4MB buffer memory 

+ Advanced display & trigger modes 

+ Compact & portable 

* Supplied with PicoScope (oscilloscope/spectrum 
analyser! & PicoLog (data acquisition) software. 


Tel: 01480 396395 p 1 Co 


www. picotech.com/scope222 YT 





Winning accolades the world over, Easy-PC for Windows VB is 
SZ a major milestone in the evolution of this extremely popular 

software tool. Try a demonstration copy of Easy-PC and 
prepare to be amazed at the power, versatility and remarkable 





















value for money. 


+ Fully integrated Schematics & PCB layout in a single 
E Е application complete with forward and back annotation 
Е Design and rules checks at all stages ensure integrity at 
uring outputs allow you to 
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VHF FM Antenna 


N. S. Hari Sankar VU3NSH 





Together with a good directional antenna this high performance 


two-stage antenna amplifier for the VHF FM broadcast band will 


enable you to capture far removed (DX) stations. Alternatively, it 


will drastically improve reception of FM signals you've come to 


accept as marginal and noisy in your area. 


FM broadcast transmitters are normally 
‘meant to have a useful range of 30-100 
km. Fine, but if you are in a fringe area, 
all you may get is a vary weak signal, 
Possibly even blotted out by a power- 
ful station around the comer. 

For various re: an increasing 
number of people are not satisfied with 
the quality of radio signals that can be 
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received via cable systems. Unfortu- 
nately, cross-modulation, and other 
ffects created in the head end 
е in stark contrast with the 
of high-end FM tuners 
that ean be broght commarcaly Not 
surprisingly, owners of s wil 
often prefer to have their own antenna 
on the roof. Add to that a high-perform- 















ance FM antena booster like the one 
described here and you can start 
DXing as well as enjoying high-quality 
stereo reception. The author employs 
the present amplifier in combination 
with a Sangean ATS-803 World band 
receiver, a Philips RR-571 tuner and a 
single-element cubical quad direc- 
tional antenna at a height of just 
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Booster 























Figure 1. Circuit diagram of the two-stoge preamplifier for VHF FM receivers. 


18 feat. Using this setup he is able to 
receive FM stations as far off as 
500 km. 


Circuit description 


In the design we're about to describe 
you'll find the following important 
Parameters coupled: low noise figure 
(approx. 1 dB); high gain (up to 40 dB) 
and low susceptibility to intermodula- 
tion products. Yet the amplifier is inex- 
pensive and easy to build. 


‘The circuit diagram in Figure 1 reveals 
the secret: dual-gate MOSFETs in posi- 
tions Т1 and T2. The fist of these, Т1, is 
configured mainly for low noise and 
antenna matching and the second, T2, 
for high gain: Unusually, the antenna 
signal is applied to T1 via its source (S) 
terminal, which is convenient because 
unlike one of the gates (G1 and G2) it 
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already represents a fairly low imped- 
ance. None the less, for impedance 
matching with the 50 () coax cable a 
tap needs to be used on tuned filter 
L1/C2. 

For VHF and UHF amplifiers, DG-MOS- 
FETs represent a good alternative to 
cheap but noisy bipolar transistors and 
very expensive and difficult to get Ga- 
As FETS. 

‘The gain of the second DG-MOSFET in 
the circuit is adjustable using preset 
P1 which varies the bias voltage to 
T2's G2 terminal — this is the classic 
way of controlling the gain of a DG- 
MOSFET and it still works very well. 
Such a control is included in the design 
to allow you to get the exact amount of 
gain required for your particular appli 
cation. For example, if you live near a 
powerful VHF FM or TV broadcast 
transmitter then you'll find that a lot of 
gain produces cross-modulation and 


New horizons in 
3-metre band DXing 


other unwanted effects like coupled 
oscillation and "birdies within the FM 
band. 

For stability the supply voltage is 
decoupled at several locations by elec- 
trolytic and ceramic capacitors for the 
low and high frequencies respectively. 
"To enable it to be mounted as close as 
possible to the antenna, the amplifier 
is powered via the download coax 
cable, i.e., over coax connectors con- 
nected to K2 and K3. In the supply, the 
RF signal is taken olf the coax core by 
capacitor C19. 

‘The supply voltage is adjustable to 
some extent with pot P2, which will 
also allow a degree of gain control. The 
current through ‘power on’ LED D2 
should be about 10 mA. Ifa low-cur- 
rent LED is used, then RB has to be 
increased accordingly, With electrical 
safety in mind we strongly suggest the 
use of a mains adapter with 12 VDC 
output. Depending on the gain set and 
the DG-MOSFETS used the circuit will 
consume about 50 mA so a 100-mA or 
slightly more powerful adapter will be 
fine in most cases. 


Construction 


‘The amplifier is built on the single- 
sided printed circuit board shown in 
Figure 2. The inductors in the design 
are all very simple to make, see tho. 
parts list for construction details. L1, 
L2 anû L3, are wound on a 4 5-mm día. 
drill or pencil. L1 then needs to be 
stretched to a length of about 10 mm. 
You'll find that a relatively large resis- 
tor is needed to wind choke L4 on — 
we used a 0.5-watt carbon-film tesis- 
tor from the junkbox (metal film resis- 
tors seem to have taken over com- 
pletely). The value 1 MQ is uncritical, 
what we're after is ‘a lot! of carbon for 
the core so 820 k or 1.2 M will do just 
as well. 

‘The DG-MOSFETs are not only sensi- 
tive to static discharges but also easy 
to fit the wrong way around. The non- 
SMD versions require S-mm holes t be 
drilled in the PCB. Make absolutely 
sure you know each MOSFET's final 
orientation on the board before solder- 
ing it in place — check, think hard and 
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Figure 2. Copper track layout and component mounting plan of the PCB designed 


for the antenna booster 


COMPONENTS 
LIST 


Resistors: 
Rl = loin. 

к 150k0 

R3- IMO 

84 = 2200 

оом: 

к 2303 

VI 

в = 102° 

РЇ = 4740 preset H 

P2 = Поко linear potentiometer 











Capacitors: 
C1, Có = 22pF caramic 

C2; C5, C14 = 22pF trimmer 

©З, C7. C17, C18 = Inf ceramic 
Cá, C9; C13, C15 = 1000F ceramic 
C8, C10 = lÓn ceramic 








E11, C16 = 100pF 25V radial 
pl? ceramic 
pF ceramic 


C12 
© 





Semiconductors: 
D1,D3 = IN4007 
02—180 

TI,T2 = BF96S or BF9665 





Inductors: 

FBIFB2,F83 = 5 tums 0.15 mm 
[8SWG] enamelled copper wire on 
ferrite bead 

LI = 7 tures 0.9 mm dio. (205WG] 
enamelled copper wire; internal dio. 
Smm; length 1Omm; top at 5 turns from 
ground. 

1213 =7 tums 0.9 mm dia. [205WG], 
internal dia. Smm; clasewound 

30 tums 0.15mm dia [38SWG) 
enamelled copper wire on o IMO 
0,5W resistor 





Miscellaneous: 
KIKA = F socket, PCB mount 
SI = on/off switch, | contact 
PCB, ref. 0401451, avail 
PCBShop 
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[Туре Case | Transfer admittance (mS) | Noise factor (dB) 
BF960 — |sOT103 e 28 "tl 
вғәвв | SOTTO: 18 1.8 | 
F980 — |sOT103 | 9 20 

BF981 [sorios 14 07 

8ғ991 ‘SOTT43 SMD) | 14 E 07 

S992 |зотіаз (SMD) 25 12 

[веда [5опазбмо та T ai] 
[BF |зоттаз (SMD) та 18 

[pra |зоттаз (50 21 10 

ав 





to the component drawing shown 
in Figure 1. You may find that the legs 
are a bit too long for the PCB but don't 
use your cutters until the very last 
‘moment because without the stud 
marker (source terminal) you will be 
lost for device orientation, 

Several VHF/UHF DG-MOSFETs may 
be used in this circuit — зве Table 1 
With some dexterity it is also possible. 
to use SMD devices. In general, you 
should aim to use a BFSxx with a low 
noise figure, although that may imply 
a slightly reduced overall gain. 
Remember, however, that the ampli- 
беге gain is secondary to the noise fig 
uro — in practice, any gain between 
25 dB and 40 dB will be just fine. 

‘The power supply parts are not accom. 
modated on а PCB but may be con- 
nected up using flying lead constrüc- 
tion in a small case. 

finished PC should be cleaned 
propyl alcohol to remove solder 














vith 
residu. 

The amplifier must be housed in a 
metal case with proper coax connec- 
s used for Ki and K2. The auth 
used Ftype sockets as customary with 
satellite TV rigs. They are cheap and 
easy to obtain. However, BNC sockets 
may be used equally well. The connec- 
tions between the sockets and the 
amplifier input and output should be 
kept as short as possible using thin 
coax cable like RG174/U, 














Setting up 


Give the PCB a final, thorough inspec- 
tion for bad soldering, wrong compo- 
nents, etc., and resolve all problems 
before proceeding. 
Set all presets and trimmers to the cen- 
tre of their travel. Apply power to the 
amplifier and check the various test 
oltages indicated in the circuit dia- 
gram. These voltages are typical and 
should not be taken to mean the ‘law’ 
‘Tune your VHF FM radio to a weak sig- 
nal at around 98 MHz. Tune the ampli- 
fier back to front, that is, first C14, then 
C5 and then C2 for best reception — 
your ears and the tuner's S meter will 
tell you what's happening. Hf necessary 
reduce or increase the gain using P1. A 
good way to simulate a weak signal is 
to tum the antenna away from the 
transmitter direction. 
‘The amplifier's 2-dB bandwidth will be 
about 10 MHz with all tuned elements 
at the centre frequency. By careful 
retuning of the three trimmer capaci- 
tors (‘staggering’), this may be 
widened to 20-25 MHz at the cost of 
some gain. Fine tuning may also be 
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All change to SMD 


‘Although the BF966 DG MOSFET is no longer produced, iis stil around in electronics retail and surplus circuits. Broadly speak- 
ing, DGMOSFETs from the BF9xx series in the ‘raditional’ SOT103 case ore being superseded fast by their SMD (SOT1 43) coun- 
lerparis. These are perfect electrical replocemenis but require short wires in order о be fied on a board laid of for a SOTIOS 
transistor. In топу cases, ће type number is hal of the SOTIO3 parent device plus оп offset. For example, a BF966S is electrical- 
ly compatible withthe BF996S, and the some applies 


fo the BFOB ond its successor the BF991 t са Термен - 
A further interesting point to note is thot the -R suffix 5 

in the type code of SOTI 43 DG-MOSFETs indicates a ora = 
reflected’ pinout s B a оё 


The layout of the PCB designed for the antenna boost 


ег allows both SMD [SOTI43] and ‘leaded’ (501103) 
DG-MOSFEIS from the BF9xx series io be fitted, ће 
latter being mounted recessed in a Smm hole allow- 
ing their terminals to be soldered Rush with the PCB 
tracks. Unfortunately, “R' suffix SOTI 43 DG-MOSFETs 


cannot be used on this board, 


achieved by stretching or compressing 
the three air-spaced inductors. This 
method may be for specialists only, 
however. 


Other bands 


‘The amplifier may be modified for use 
at slightly higher frequencies like 


al с 


120 МН: (VHF airband), 145 MHz (2-m 
radio amateur band ot even 146- 
174 MHz (PMR band). Some experi- 
ence may be required in tweaking the 
inductors for resonance at their new 
frequency however. If you find that a 
particular trimmer no longer ‘peaks’ 
then the L/C combination is out of 
range. Lacking specialised test 


soran 


equipment like a grid dipper to see 
where it does resonate, go for trial 
and error by fitting an inductor with 
fewer turns and see what happens 
then. Whatever the frequency, the 
booster will not fail to give the kiss of 
life to a duff receiver. 
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Farnell BTV 12-14 Oscilloscope 
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Digital terrestrial television (DVB-T) is now available in many 
parts of the country. Of course, you need a DVB-T receiver 
and a (new) UHF TV antenna. If you don’t have a suitable 
antenna, the small indoor DIY alternative described here is a 


simple and economical solution. 
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Simple and economical 
DIY indoor antennas 


for DVB-T 


‘Terrestrial digital video broadcasting 
is now available in many parts of the 
Country, and there are plans to eventu- 
ally switch off existing PAL analogue. 
broadcasts altogether; in some parts of 
Europe this is already happening. 

И you currently receive television by 
satellite or cable and, for reasons of 
cost, wish to switch over to DVB-T, a 
DVB-compatible antenna is required. 
Of course, this is not connected 
directly to the television, but rather 
via a DVB-T receiver, or so-called 'set- 
top bax. 

Only a few of the DVB-T receivers have 
a simple indoor antenna available as 
an accessory Figure 1 shows an 
example of a basic rod antenna. The 
main disadvantages of this type of 
antenna are its sometimes unsightly 
appearance and its narrow-band sen- 
sitivity compared to the width of the 
UHF band over which the digital chan- 
nels are spread. 

More appropriate for indoor DVB-T use 
is the patch antenna known as a 'but- 
terfly dipole” after its striking shape. 
‘As well as demonstrating a better 
‘broad-band performance in field trials, 
this comparatively discreet antenna 
сап easily be hidden, for example 
behind a rodostly sized picture frame. 


DVB-T 


Thanks to the data compression 
offered by MPEG-2 it is possible to 
transmit four digital channels in tho 
same bandwidth as that occupied by a 
single analogue channel. This is partic- 
ularly impressive when you consider 
that a modern television signal with 
625 lines and a 50 Hz field frequency 
would give a raw digitised data rate of 
around 216 Mbit/s. The bandwidth 
required for that would be prohibitive 
{for terrestrial or satellite transmissions. 
MPEG-2 is а significant advance on 
the MPEG-1 video compression stan- 
dard. It can reduce the digital data rate 
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to 13.27 Mbit/s, just 6 % of its original 
value. Also, a sophisticated modula- 
tion scheme, known as COFDM 
(Coded Orthogonal Frequency Division 
Multiplex), ensures that the available 
bandwidth and transmit power are 
used optimally. Very early article on 
DVB-T may be found in [1]. 


Butterfly dipole 

The real antenna impedance of a but- 
terfly dipole is of the same order of 
magnitude as that of a full-wave 
dipole. For such a full-wave dipole sys- 
tem a typical impedance would be 
between 240 О and 300 0, and in prac- 
tice probably nearer 300 0 than 240 О. 
In any case, matching is required to 
the nominal 75 Q input impedance of 
the antenna input of the receiver. 
For a matching transformer, used as 
shown in Figure 2, with a transmission 
ratio of N, we have: 


N= 202,32 = nin, 


where 2, and z, are respectively the 
input and output impedances of the 
system and n, and n, are the numbers 
of turns on each side of the trans- 
former. For a transmission ratio N = 2 
with n, = ny#nz and n, = пуме find 
that the numbers of tums my, n; and ny 
эге all equal. This makes the practical 
construction of this transformer consid- 
erably simpler: because the same volt- 
‘age appears across all the windings, 
апа because we do not need the gal- 
vanic isolation between input and out- 
put that a full transformer would offer, 
we can use a single coil with a centre 
tap as shown in Figure 3. 

Commercial low-loss air-cored versions 
of this transformer have a bifilar con- 
struction. Figure 4 shows the arrange- 
ment, where eight turns of two paral- 
Jel 05 mm diameter enamelled copper 
wires (here shown in black and white 
for clarity) are wound on a 4-mm diam- 





Figure 1. A simple indoor DVB-T 
‘antenna by TechniSat, 31 cm long. 
(source: author 


Г 


m т-д 


Ее 





Figure 2. The transformer matches the 
antenna fo a 750 impedance. 


eter cylindrical former, resulting in 
negligible coupling losses. Winding 3- 
4 of tho air-cored transformer ends up 
being slightly larger than the other: 
this results in better matching to tho 
actual antenna impedance encoun- 
tered in practice. 

As the circuit diagram of Figure 8 
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Figure 3, Matching using a 


transformer with a single windi 





ws, а ceramic coupling capacitor 


C1 is fitted. This ensures that any DC 

level on the antenna input of the DVB- 
receiver is not shorted to ground. 

Generally, receivers provide a 5-V sup- 

ply for an optional ac 

a separate antenna amplifier 
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Construction 


The whole butterfly dipole antenna 
assembly, including transform 
coupling capacitor, is only th 
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nna with transformer 


În curved piece of 





wood. The tran: 
mer and coupling capacitor are 
mounted on the back, along with the 
connections for the 75 Q cable to the 
па connector. 

nitter antennas may 
ly polarised, 
be oriented 





1.5 mm thick epoxy г 


shown in Figure 6, and th 
always, is available for free down. 
loading from www.elektor-electron. 
ics.co.uk. 
1t would al 
the unit using thin sh 
eror brass oa. 
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however, the antenna cannot make up 
{for poor reception, for example on the 
ground floor of a building. 

Use of an antenna amplifier seems not 
to be recommended. Reports on Inter- 
net forums suggest that signals from. 
other frequency bands of the electro- 
magnetic spectrum, which may also be 
picked up and amplified by an active 
antenna, can cause problems. И noise 
spikes exceed the (rather low) input 
threshold level of the DVB-T receiver, 
then even the complex demodulation, 
‘processing in the receiver will not be 
able to prevent distortion to picture or 
sound. This can also occur when an 
antenna amplifier is overdriven in an 
area of high signal strength. 

Since the butterfly antenna described 
here includes a 75 9 transformer, any 


Comparison 


Hama make an indoor antenna caled 
‘Butterfly’ whose geometry is 

rather similar lo hol ofthe buterfly 
dipole; The реро [Figura 8) 

е suggestive of ће crosssection of a 
biconical antenna [2]; The ph 
design by Hama, on the other hand, 
is reminiscent of a strip dipole. Given 
its physical length of about 40 cm, à 
Бето 
be most sensitive, at around. 

350 MHz. This lies їп neither the VHF 
пог the UHF bond, but between the 
ко. 


Combined VHF ond UHF indoor 
antennas ore generally jing of a 
compromise. Nevertheless, Thomson 
has chosen a different, but no less 
interesting, variation: the ANTD200 
[Figure 9) is a two-band antenna 
whose small internal dimensions are 
clearly designed for the middle of the 
UHF bond; although too small for the 
VHF bond, the circuitry is designed to 
compensate by electrically lengthening 
the dipole by a set amount. The geo- 
metrical dimensions of the dipole are 
more favourable for UHF DVB-T recep- 
tion: overall, a sensible approach. 
This principle also applies to the but 
ley amenna азер hara With Re 
nearequilateral riongle dipole geome- 
ту. The selkinductonce of the trans- 
former effectively lengthens the dipole 
halves at frequencies below the UHF 
band, which improves reception in 
VHF band 3. 
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y cheap commercially-available 
antenna booster can be used if signal 
amplification is really required, for 
example, if the set-top box or receiver 
is located at a relatively long distance 
from the antenna. 


1 
1 Biter cron ptember 1995 


For theoretical foundation ond a 
source of references: ii 
Kraus, John D. 


Antennas 
McGraw Hill Bock Company, 1950. 


Figure 7. The authors prototype 
antenna. 


of indoor antennas 


Of course, many manufacturers of television accessories have turned their attention to the DVBT market. For example, 





Figure 9. Thomson 
ANTD200 patch antenna 
with 18 dB goin (source: 

Thomson), 
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Figure 1. Schematic of a simple omplifer stoge 


Part 1: PCB design basics 


Karel Walraven 


What do most electronics engineers enjoy a 
loi? Designing printed circuit boards, of 
course! In an irregular series of articles we 
would like to familiarise you with this subject. 
We start as simple as possible and it will 
become more difficult as we progress. 
Feedback and requests to cover certain topics 
are encouraged and welcomed! 


When you're just designing a 
small PCB, it offen is nat that 
important where the actual 
components are placed 
However, there are o few 
rules of thumb that, when fol- 
lowed, quickly and easily 
result in a much better PCB. 
Better in this context means 
lower noise in the desired 
output signal and fess interfer- 
ence with other equipment 
The last sentence means, 
translated into practice: “your 
amplifier provides a better 
sound, mokes no additional 
noises when the fridge turns 
оп and does not interfere 
with your mobile phone 











The following statement is per. 
hops surprising, but is actually 
true: "The optimum position of 
a component on a PCB is for 
rly 100% determined by its 
function in the schemafic dia 
grom." That means you cann 
‘avoid thinking about Ihe func- 
lion of each and every compo- 
naline 





















Example 
We use an amplifier stage as 
оп example. What are the dit 
ferent functionalities that can 
be distinguished? 

In Figure 1, C5 is o deco 
pling capacitor, which deco: 





the 








ples the power supply 
voltage. The current drawn 
by ICT will change during 
fion ond C5 ensu 
the peak current demond can 
be delivered. 
CI is o decoupling сој 
оз well, but in 
serves the purpose of prevent 
ing any hum and interference 
from the power supply from 
reaching the signal 
C3 is o decoupling copacitor 
too, but this time not for the 
power supply volloge, but for 
the signal instead. Is fun 
is to ensure that the inverting 
of ICI is с 

















ages. 





the nodes 
pled 





sd to be de. 





long troces have a higher 
impedonce {- tance for 
high frequencies) and оз a 
quence the decoupling 
o! work as well. The 
е frequency, the more 
1 it becomes to keep 

short. Pay close 
попі To clarity this a litle 
more, take a look al 


















ure 2a. The trace: 











and away always form a loop 
(also when one side of ће 
component is connected to 
ground). Inthe figure we have 
shaded the area between the 
fraces for clarity. We cannot 
Gveremphosise that it is very 
important ko place the traces in 
such а way thal the shaded 
orea is os small as is possible 
If you have to choose between 
long tracks with a smaller 
enclosed area or shorter traces 
with larger enclosed area, then 
choose the layout with the 
smallest area*. Why that is so 
we will explain at a later time. 
It is a litle too advanced for 
the present discussion, 

C12 and СА ore copocitors in 
the signal path. In this cose it 
is also true that short traces 
and small area provide less 
opportunity to pick up trouble 
ог cause trouble. We repeat 
the above once more because 
it is very important that you 
think about this. 










How does a signal connection 
have an area? In Figure 3 
you соп see that the signal 
does not only go towards the 
росйог, bul also hos a return 
poth via ground! The ground 
осе has a certain length os 
welll Signal path and ground 
























Figure 3. The c 


towards and away from the compo 


path together form a loop! This 
should not come os a surprise. 
to you. Your very first acquain- 
tance with electronics probably 
involved a small lamp and a 
battery. And when did the 
lomp light vp? Just when the 
loop is closed... So, pay close 
attention to Rule 11 


We con make a few addi- 
lional comments with regards 
то the signal path. The older 
youths among us, those who 
grew up with record players 
and valves, will remember 
how easy il was to fest an 
amplifier from days gone by. 
A finger in the vicinity of the 
input was enough lo generate 
а loud hum from the speaker. 
This worked so well because 
the input to a valve amplifier 
is high impedance. High 
impedance connections pick 
up interference much easier 
Always try to make an esti 
mate of how high the imped 
ance af a node is and pay 
extra ottention to make sure 
that the connection is as short 
аз possible and — if possible ~ 
‘un a parallel косе connected 












* Double-sided PCBs are ide 
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to ground as a shield (= keep 
ing ће area small). 


rafore: Kee 











R6 ensures that the output of 
the circuit in the idle state is 
exactly zero. This prevents spu- 
rious noises from the loud 
speaker when the amplifier is 
switched on or off 
RI and R2 provide for the cor- 
rect DC bias of the nominvert 
of the opamp. This 
lecoupled with capac 
itor C and is therefore not that 
critical. Aer all, the copoc 
creates a low-impedance con- 
for interference sig 
nals, making the entire net 
work less see. The resis- 
lors moy be placed o little 
further away from the opamp, 
provided the decoupling 
capacitor is placed as close lo 
the opamp as possible. 
R4 together with RS е 
the amplification, The input of 
the opamp is the node with the 
the output 























is much lower impedance and 
ground is low impedance as 
well. The input, therefore, mus 
have the shortest connection 





Get cracking 
We'll now gel Io work, keep- 
ing the above information in 
mind. A little bit of searching 
on the Interne! will quickly pro- 
duce a number of ее demo 
versions of nice printed circuit 
board layout software. At the 
end of the article we have 
cluded a few links to gat you 
tarted. 











When designing a PCB layout 
you siart with the fixed con 
straints. These ore the compo- 
nents [or size of the PCB) that 
for one reason or another have 
fo be in а fixed location. 
When a potentiometer ho: 
protrude through a hole in the 
front panel, you could put i 
anywhere on the PCB, but in 
end it sil hos to fit behind 
the front panel, so you may оз 
жей start with that. Of 
any other work would simply 
waste of fime. 





























+ side, the area is minimi 





Follow this by temporarily plac- 
ing all the other components 
оп their most ideal location. ris 
all right to put hem on top of 
each other, this is not yet the 
lime to make compromises 
(Figure 4| 


C2 and R3 ore as close as 
possible to pin 3 of the IC, R4 
and R5 os close to pin 2 os 
possible. You will now notice 
that you have to make choices. 
R3 can be placed clase to 
pin 3 or close to СІ. In this 
case we always chose the 
shortest trace for the connec 
боп with the highest imped 
ance. This is, after all, the most 
sensitive point for picking uj 
inederencal C1 В еј 
low impedance to ground, зо 
that side of ЁЗ is not that criti- 
cal. The impedance on the 
other side of R3 is definitely 
higher. This connection is more 
sensitive and needs to be kept 
short. This is also true for R4 
and R5 [R5 is connected on 
one side to the relatively low 
impedance of the opamp out 
ри. That is why it is better to 
make the signal polh of the 
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output a litle k 
signal path ot 

ort os possil 
Power supply decoupling 
copacitor C5 is a litle on its 
own in Ihe schematic, but has 
1o be placed as close as possi 
ble to pins 4 and 7. I is nol 
important if it is closer to either 
4 or 7, only the total length 
(oreal) of the path matters 
If all of this is becor 
much, don't panic! Rer 
three things: 


longer so that the 


















— place decoupling compo- 
nents close fo the load 

—keep high impedance 
traces оз short as possible 
make а starpoint fe 
ground connections ** 





n general the fol 
applies: keep the orea 
оз small as is possible 





Wrapping up 

Coline cig йе co 
ponents in their final location 
(Figure 5). IF you are shart of 


space, check if the following 


tricks are of any help: 





е SMD components. 
These ore smaller (ond 








fore better at hi 
frequencies] than leaded 
components and can be 
plo: олот of the 
circuit board, so they do 
not occupy space on the 
component side. h 
Figure 2b you can see 

i with respect to the area 
ап SMD 
tor is absolutely 
оп ‘ordinary’ decoupl 


[ 








on the 

















coupling capaci 














—Split large capaci 





two smaller capacitors. You 
decoupling capac 


е a small (for 
ample 10 to 100nF) 
capacitor close to the com- 

to wher 





power 















Tips 
Finally onother fe 
opportunity to slip ‘po 





mponenls each cor: 
lion lo ground is then made 
on avlomatically. With SMDs you 
the will have to moke а manual 












decoupling components. Fig- connection with the aid of an 
ure 6 illustrates what we ойфййото! vio (а connection 
meon by this. through the board from the 





top- lo the bottom side) which 

If you are designing a double тиз! be close to the ground 

sided PCB, then it is usuollo pin of the SMD component. I 

reserve one side os o ground — you don't do this the length of 

plane. This makes the layout the ground trace could 
very well become tco much! 

spective, 














trical р 





PCB layout programs: 
wwew.ewbeurope.com/ 
www:.circuitsonline,net/download/cat/4 
www.mccad.com/ 
www.franklin-industries.com/Eagle/starteagle.htm! 
www.orcad.com/downloads/orcadlite 10/default.asp. 
wwew.techS.nl/products/eda/pcblayout 
wwwbfriedrich.com/english/engl vordownload.htm 
www.vego.nl/14/midden.htm 

http:/ /tinycad.sourceforge.net/ 

www.boas.nl/ 
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Motor Drivers/Controllers 


Here are just а few of our controller and 
driver modules for AC, DC, unipolar/bipolar 
stepper motors and servo motors. See 
website for full details. 





Controliers & Loggers 


Here are just a few of the controller and 
data acquistion and control unis we have. 
See webste for full details, Sutable PSU. 
for al unts; Order Code PSUA4S ЕВ 95 








NEWI Bidirectional DC Motor Controller. 
Controls the speed of 
most common DC 
motors (rated up to 
S2VDC/SA in both 
the forward and re- 
verse direction. The 

range of control is from fully OFF to fully ON 

in both directions. The direction and speed 
аге controled using a single potentiometer, 

‘Screw terminal block for connections. 

Kit Order Code: 3166KT - £14.95 

‘Assembled Order Code: AS3166 - £24.96 





DC Motor Speed Controller (5A/100V) 
Control the speed of 
‘almost any common 
DC motor rated up to 
YOOVISA. Pulse width 
‘modulation output for 
maximum motor torque. 
at all speeds. Supply: S-15VDC. Вох sup- 
plied. Dimensions (mm): SONI OOLx60H 
Kit Order Code: 2087KT - £12.95 
‘Assembled Order Code: AS3057 - £19.95 


NEW! PC / Standalone Unipolar 

Stepper Motor Driver 

Drives any 5, 6 or &lead 

unipolar stepper motor 

rated up to 6 Amps max. 

Provides speed and direc- 

tion control. Operates in stand-alone or PC- 
controlled mode. Up to six 3179 driver boards 
can be connected to а single paralel port 
‘Supply: 9V DC. PCB: 800mm. 

‘Kit Order Code: 3179KT - £9.95 
‘Assembled Order Code: AS3179 - £t 
‘Assembled Order Code: AS3113 - £24.88 


NEW! Bi-Polar Stepper Motor Driver 
Drive any bi-polar stepper 

motor using externally sup- 

pled 5V levels for stepping 

‘and direction control. These 

usually come from software 

Tunning on a computer. 

Supply: 8-30V DC. РСВ: 75x85mm, 

Kit Order Code: 3158KT - £12.98 
‘Assembled Order Code: AS3158 - £26.95 





Most items are available in kit form (KT suff) 
‘or assembled and ready for use (AS prefix). 











Rolling Code 4-Channel UHF Remote 
State-ot-the-Art High security. 

4 channels. Momentary ог 

latching relay output. Range 

up to 40m. Upto 15 Tr's can 

be leamt by one Rx (Kt in- 


cludes one Tx but more aval 
able separately). 4 indicator LED 's. Rx: PCB 
‘ThxB5mm, 12VDC/6mA (standby). Two and 
Ten channel versions also avallabie. 

KI Order Code: 3180KT - £41.95 
‘Assembled Order Code: AS3160 - £49.95 


Computer Temperature Data Logger 
4-channel temperature log- 
ger for serial port. "C or ^F. 
Continuously logs up to 4 
separate sensors located 
gg 200m+ trom board. Wide 
S£ range of free software appli- 
cations for storinglusing data. PCB just 
&kS&mm. Powered by PC. Includes one 
051820 sensor and four header cables. 
Ка Order Code: 3145KT - £19.95 
‘Assembled Order Code: AS3145 - £28.98 
‘Additional DS1820 Sensors - £395 each 





NEW! DTMF Telephone Relay Switcher 
Cal your phone number 

using a DTMF phone from. 

anyuhere n the wond and 

remotely tum омот апу of | 

the 4 relays as desired 

User settable Security Password, Anti- 
Tamper, Rings to Answer, Auto Hang-up and 
Lockout includes plastic case. Not BT ap- 
proved, 130c110 0mm. Power: 12VDC. 

Ка Order Code: 3140KT - £38.98 
‘Assembled Order Code: AS3140 - £49.96 


Serial Isolated VO Module 
= ‘Computer controlled 8- 
channel relay board. 
SA mains rated relay 
outputs. 4 isolated 
йа! inputs. Useful in 
a variety of control and 
‘sensing applications. Controlled via serial 
port for programming (using our new Win- 
dows interface, terminal emulator or batch. 
без). Includes plastic case 130x100x30mm. 
Power Supply: 12VDC/S00mA. 
Kit Order Code: 3108KT - £64.85 
Assembled Order Code: AS3108 - £64.98. 
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range. 112x122mm. Supply: 12VDC/O SA 
Ка Order Code: 3142KT -£41.95 
‘Assembled Order Code: A53142 - £81.95 


PIC & ATMEL Programmers 


We have a wide range of low cost PIC and 
ATMEL Programmers. Complete range and 
‘documentation available from our web ste. 
Programmer Accessories: 

40-pin Wide ZIF socket (ZIF40W) £15.00 
38V DC Power supply (PSUD10) £19.86 
Leads: Parallel (LDC136) £4.85 / Serial 
(LDC441) £4.95 | USB (LDC644) £2.95 





NEW! USB "AlI-Flash' PIC Programmer. 
USB PIC programmer for aii 

"Flash devices. No extemal 

power supply making й truly 

portable. Supplied with box and 
Windows Software. ZIF Socket 

апа USB Plug A-B lead not inc. 

Kit Order Code: 3128KT - £34.98 
‘Assembled Order Code: А53128 - £44.95 


Enhanced "PICALL" ISP PIC Programmer 
"Wil program virtual ALL 8 
to 40 pin PICs plus a range 
of ATMEL AVR, SCENIX 
SX and EEPROM 24C de- 
vices. Also supports In Sys- 
tem Programming (ISP) for PIC and ATMEL 
AVRs. Free software. Blank chip auto detect 
{or super fast bulk programming. Requires a 
40-pin wide ZIF socket (not included). 
Available in assembled format only 
‘Assembled Order Code: AS31 44 - £49.85 


ATMEL 89xxxx Programmer 
Uses serial port and any 

standard terminal comms 

program. 4 LED's display 

the status. ZIF sockets 

mot included. Supply: 16-1 

Kit Order Code: 3123KT - £29.98 
Assembled Order Code: AS3123 - £34. 


NEW! USB а Serial Port PIC Programmer 
ад, USB/Seril connection. Header 
[cable for ICSP. Free Windows. 
software. See website for PICS 
ZIF SockellUSB Plug 
РА A-B lead extra. Supply: 18VDC. 
Kit Order Code: 3149KT - £34.98 
Assembled Order Code: AS3149 - £49.95 





www.quasarelectronics.com 
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DELPHI ros 


ELECTRONIC ENGINEERS 


Part 2 — Programming a calculator 


Herman Bulle with thanks to Anton Vogeloor 





In the first instalment of this series, we introduced the Delphi 
programming environment and described several examples that 
illustrate how to program in Delphi. In this instalment, we take a 
more detailed look at the design of a somewhat more serious 
program. Our project here is to construct a simple pocket 
calculator in software. In next month's instalment, it will be 
expanded to include a keypad that can be connected to a serial 
port to allow the keystrokes to be read by the Delphi program. 
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This project consists of three 
= The presentation loyer, which shows the results on the 
monitor. 
~The driver layer, which provides the interface with the 
hardware (ће keypad). This layer will be described in 
the nent ишшшеп. 
~ The processing layer, which is the software that simulotes 
, De operation of a pocket coule e 
most of our readers are unfamiliar 
шыш зеза 
program and the presentation layer. An attractive graphical 
user interface {ОШ forms ап important part of the overall 
project. Ultimately, the success of a project depends heav- 
ily on the presentation. wants lo have an ugly DIY 
amplifier in he living room, even if it has outstanding per- 
formance. The some holds irue for software projects. 
The end result shown in Figure 1 is obtained by placing 
various components sequentially onto the screen. In the fol 
lowing descriptions, we use Windows and Deiphi terms 
and explain them as necessary. 





Presentation layer 

After Delphi has been started up, a Form abject appears 
on the monitor. This grey window is where you will place wor 
ous components from the tabs in the Component palette. 
Using the Object Inspector, which is also shown on the 
screen {usually at the lower lef), you can change the prop- 
erties of Ihe window and all the components you have 
placed on the window. First, use Name to give the Farm a 
unique name (such as FMain, as an abbreviation of Form- 
Main). Locate the properties Widih and Height, and assign 
thom values of 300 ond 360 pixels. 

Next, find the Color propery. If you click on the small 
атеш to he right ofthe inpol field, a drop-down lit wil 
appear with a several Windows colours, ond you can 
grec one ol hem, you doublecck an ha при field 
Mud e colour dig wil Le opened io alla yeu 
choose any possible colour. Choose o colour you find. 
atractive. 

Naturally, it's better to give the numeric display a different 
colour. To do this, you have to give part of the Form o dif 
ferent colour. This can be done by placing а Panel on the 
Form. You can find a panel in the Component Component pol свй 
let under the Standard tab. Select the panel object by 

ing on it, and then click on the Form. You can use the 
mouse to adjust the position and size of the panel object 
Бу selecting it ond logging on the indicated points. As he 
postion and size are properties, you can also adjust them 
using the Object Inspector. The panel object is nat intended 
1o be used to show numbers. i simply demarcates an area 
‘on the Form and serves as a ‘container’, on top of which 
you соп place other components 

A line of digits [in the form of tex!) can be displayed using 
«label. Place a label on the panel by clicking on the Lobel 
component on ће Standard fab of the Component polene 
‘and then clicking on the panel. You will see thot the label 
occupies only а small portion of the panel. That's not what 
you want, since the label should БЇ he entire panel. You 
Соп use the Align 1o achieve this. If you click on 
the small arrow o йе rah of he input field, several 
will be shown. Select Client The label will then become 
just as large as the panel, ехосйу what you want. 
To right away get an ideo of what it will lock later on, you 
con use the Caption property to type in several digits. This 
is also a good lime to select a suitable font by clicking on 
the Font propery and slong o fot size ond colour- 
The final tosk is placing the buttons. Several different types 
оге available on the Component toolbar. The nicest buton 
for this application is the SpeedButton on the Additional 
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Figure 1. The ihe layout for the calculator 


кь йе hird ton rom ihe letl. loce 16 of hem on the 
Form. Arrange them nicely in a group as shawn in the fig- 
ме. Each buton bos a capion wih a font which you con 
use to individually identify each button. By dofa 

pr ария иси derak ar E aoe 
‘SpeedButton?, etc- Use the Мате property to give each 
button an individual name that allows you 1o recognise its 
function, such as ‘ColculatorBin1" (п our example, we 
choose the simple abbreviation ‘Bin1'). 


You con use the Tog property to allow the program to deter- 
е ааа eel чуна үрө 
lor programmers, who con use it as they see fit. In this case, 
you want the values of he digits assigned fo the fogs to be 
possed to the program. vum ERIS oe be 
ossigned tog values 0-9. A similar is for 
the operation buttons (+, -, * and / |. They ore assigned 
the values 1-4. This completes the presentation component, 
Ws good practice to create a separate directory or subdi- 
rectory for every project you sel up. This avoids problems 
with old files thot might have the same потез as new ones 
Delphi creates quite a few files while a program is being 
writen, but many of them are not necessary offerwards. 
The files that must be saved have the extensions DPR (Del 
phi Project Resource), DFM (Delphi Form), ond РА (Pas 
cal Unit). They are necessary if you want o open the pra} 
ect again later on. When the program is compiled, an -EXE 
lexecuiable) file is also created (for example, 
“Colculotor.exe’ if you named the project Calculator’), This 
file is the actual application 





Processing layer 

Now you have lo put the application to work. Every 
process in the calculator, such as adding two numbers, cor- 
sists of four steps: 


— entering the first number 
— storing the operation 

— entering the second number 

— starting processing by pressing the = button 








А number is formed by pressing the button for the first digit 
and storing that number. If a second digit is pressed, the 
previous number is mubiplied by len and the second digi is 
odded to бе result. This is repeated unti ой dig- 
dob MM 
Digits are entered by clicking on the appropriote buttons. 
Mest components, such as batons, can De used 1o iilis 
a procedure by clicking on them with the mouse. Such an 
action is called an Event. Select a bution and then lock at 
the Object Inspector. Select the Events tab at the top. IF you 
double-click on опе of boxes next to the items listed here, Del 
will automatically create o procedure. Doubleclick ће 
box nxt to OnClick, andthe procedure wil be generated 
r you. 


Now you need on auxiliary procedure to arrange the dig- 
its in a row. If you examine the code already generated by 
Delphi, you will see something like "ype TFmain = 
class(TForm’ at the top ofthe Form, followed by the refer- 
ences to the labels, panels, buttons and other objects you 
have placed on the Form. Below this will you see: 


Pain: тїзїл; 


This way of doing things requires a bit of explanation. Del 
phi is an objectorienied language: In ordinary English, this 
Cede means thot a variable Main of a specie ype 
(TFMain) has been creaied. Another way to describe. 

is fo say that you first generate a definition of a calculator 
in the Type declaration (уре TFMain), and you then use an. 
шо ры E 
is char programming 

such as Delphi, C++, DotNet, recent versions of Visual 
Basic, and various database programs. 

The program now has the following structure: 


type 
"Pain = clasa(tFora) 
Panelis TPanel; 
Labell: FLabel; 
Bens TSpeedsutton; 
Bind: Tepeediatton; 





procedure BtalClick(Sender: TObject); 


private 
Accul, Accudi Integers 
procedure Addaccu(x: Integer]; 
public 
end} 


Train + Tain; 


You con also see thal whenever a component is added to the 
Form i i added ta the Type definition of he Form. The 
some holds true for the procedures belonging fo an event. 
The actual procedure is located further on in the program, 
under the heading ‘Implementation’ 

Borrowing a lem Кот microprocessor hardware stacks (a 
stack is o specific type of list with its own particular mor- 
ner of adding and removing data], we assign the nomes 
‘Accul and Accu? to the variables that receive the two num- 
bers to be processed. These variables belong to the prop- 
erties of the calculator, which is why they are declared in tha! 
location. In his case they are included in the Private sub- 
section, but that is not of any significance here. They are 
of the type "whole number’, which is called "Integer. 


The procedure ней to placa he digis in a гом (Addu) 
is also declared here. Naturally, this procedure also has to 
be implemented. This occurs in the i ion section, 
under the heading ‘Implementation’. The implementation 
appears os follows: 


procedure Tr¥ain.Addnceu(x: Integer]; 
begin 

AcculicAccult10‘z; // а statement is terminated with ; 
‘end; // coments are preceded by a double slash 


If you press several digit buttons in succession, you wont 
the digits to be placed in a row. This can be done by mul 
fiplying the previous number by ten ond adding the current 
number to the result. Several operations are necessary to 
achieve this result. You have to store the first digit, read in 
the second digit, multiply the first number by ten and add the 
last number fo the result, and zo on. This can be done by 
introducing оп auxiliary variable of type Boolean. Just аз 
in digital electronics, this variable con take on the value 
TRUE or FALSE. 

Declare a variable EntryBsy : Boolean with on initial value 
of FALSE (see listing 1). The fist digit is read in, the con- 
tent of Accu] is copied to Ассо, and the digit is placed 
in Accu]. Afer this, the volue of EniryBsy is set to TRUE, 
When the next digit is read in, the re sees that the 
voi of Ey TRUE, othe chav steps ceno exe 
©лед. Insteod, the value of Асси is multiplied by ten and 
the new digit is added to the result. 

The complete procedure appears as Fallows: 


procedure TeMain.AddAcca(x: Integer); 
begin 
Af Bntryêay = FALSE then 





{Note that oll keywords are shown in boldface. A keyword 
is a reserved word or symbol that is recognised by Delphi 
з part of the programming language.) 


Now you con proces he resul af pressing а buton as fol 
lows: select a bution (such as В), go to Object Inspec- 
tor / Events, and double-click on the input field next to 
OnClick. The following procedure will be generated auto- 
matically: 


procedure TPasin.BtaIClick(Sender: TObject); 
begin 


end; 


You also have fo ensure that the variable X is assigned a 
value before the procedure is called. The procedure has 
already been generated by clicking on the OnClick event 
‘of bution. One possibility would be to include the following 
statement between the Begin and End keywords of the pro- 
cedure: 








адамсы (Beal) Tag}; // use the tag mmber of the button 


This would have to be repeated for each digit button, which 
would yield ten nearly identical procedures. However, 
there's а shorter solution. As you con see, the procedure 
includes а parameter named Sender. This parameter 
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receives the properties of the component that calls the 
cedure. You can thus assign AddAccu а suitable 

since you have already assigned the tog properly a number 
in the range 0-9: 


‘addaceu( (Sender as TCoeponest].Ted); 


Now you want fo have all the digit buttons point to this 

сөйл: For ecciesie bunc Es Wee, gots he ORE 
extend el onthe buton next lo ho input eld. Then 
select the proper procedure (Bin iCIk). After this, you si 
need some means lo show the assembled number on the 
display [see Figure 2]. As this hos to be done several fimes 
in тойо оопа, yau con generale о separa proce. 
dure for this purpose. Include the procedure Screenkelresh 
in the definition and place it in the Implementation section: 


procedure THain,scresnkefresh; 
begin 

зае! Caption := IntToStr(Accul] 
ond; 


The function InfToStr (‘integer to string’) converts a number 
into a line of text [ех string), and this text string is assigned 
to Label] Caption. This causes the result ю be placed on 
the screen. 

Processing the operation bons requires o sna ick Е 
‘an operation bution {+, =, *, or / ] is pressed, sing 
the operation must no be executed immediatly, зой, 
il must wait until ће = bution is pressed. This means you 
have lo remember which operation bution was pressed. To 
do so, declare an integer variable: 








Processing: Integer; 


The +, —, *, and / buttons have tog values of 1-4, and the 
= button hos a tog value of O. Generate a new procedure 
that uses these two numbers: 


procedure TPHain.Processtiushers(proct Integer); 
begin 
case Processing of 
1: Acculteacca? + Accel; 
2: Acouli-Aceu? - Accul; 
3 Acoult*Aceu2 * десш} 
4: Accul:=round(Recaz / Accul); 
nd; 
Processingsuproer 
EntryBay з= False; 
ond; 


The variable EniryBsy is set to TRUE to enable the calcula- 
tor to again accept a new number. This procedure is called 
using а procedure thot is linked to an event. 
Now double-click on the OnClick event for the ‘add’ but- 
fon. 
Up to now, no value has been assigned to Accu2. The sim- 
Нез approach is to include a line in the AddAccu procedure 
to copy Accu] to Accu2: 

AGE += Мес; 


Figure 2. Settings in the Object inspector. The colour selection for 
the calculators show at the lef, and the seting of the Align 
property for the label is shown о! бе night. 


Generate a new procedure that calls the procedure listed 
above: 


procedure Tiain,StnAddclick(Sender: TObject); 
begin 
Processiluabers( (Sender аз TComponent].Tag]; 
ScreeaRefresh; 
eod; 


Now select this [BinAddClick) in the OnClick 
event for each of the three other operation buttons ond the 
= bution, in the some manner оз described above. 
When a program в started, ой of the variables оге set o zero 
it When the + button is firs! pressed, the value 
oF Processing is initially O, ond in the ProcessNumbers proce- 
dure il is assigned the volue for addition (1). When this pro- 
cedure is executed the second fimo, the addition is actually 
executed and the resul is shown on the display. 
You're almost done now; only the Clear bution sfll has to be 
assigned o function. By now, you should be familior with 
how to do this, so it shouldn't be dificult to fill in this proce- 
dure. Simply doubleclick on the OnClick event of the Clear 
button and select the BinClrClick procedure: 











procedure THiain.BtsCIsclick(sender: TObject); 
begia 
Clearaceu? 





Figure 3 The Speediuson icon is located on the Adora tb cf he Component polete. 
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This procedure calls ClearAccu to set Accu! and Accu? to 
zero ond sel EniryBsy to FALSE. 





Listing 1 shows the complete program, including all he 
componenls hal have been added manal. 


Now thatthe program is complete, you con run it and test 
whether the calculator works the way it should. If i does 
n't work properly ће first fimo, you should first check the 


Listing 1. 

Complete listing of the calculator program. 
unit Calculates; 

interface 


Windows, Messages, SyaUtils, Variants, 
Classes, Graphics, Controls, Poras, 
Dialogs, Buttons, Stdctrls, ExtCtris; 


trpe 
Train = class (Form) 
Paneli: TPanel; 
Eabell: TLabel; 





Btnl6: TSpeedButton; 
procedure BtnlClick(Sender: TObject); 
Procedure BtnCirClick(Sender: TObject); 
Procedure BtnAddClick(Semder: TObject); 

private 
Accul, Асе? Integer; 


EntryBsy: Boolean; 





{ Public declarations } 
end; 


Баі: Temainy 


impleneatation 
(5 saa} 

procedure Tfiain Addaccu(x: Integer); 
begin 


Af EntryBsy = FALSE then 
begin 


settings of the 16 Speed Buttons. Verify that the name, 
Jag and OnClick event volves are entered correcily for 
och bution. I should be noted thal the colculotor is sti 
rather primitive in ils present form, since it can only han- 
dle whole numbers (no decimal places), However, you 
shouldn't let that spoil you programming pleasure, since 
it's just a stort. 


loth instalment. we hove devoted considerable atenton 
to the design of the program in order to familiarise you wit 
all the commands and procedures. With ай hat out of Ihe. 
Se sel ene мета сату eni аа 

a keypad to he serial роп of the PC. Exchanging date 
Бемееп the PC ond the уро is en корого asec? of 
this next чер. 





Acou? i поез; 





Accu? 
EntryBey = TRUE; 
end 

else 

Accu i= 10%ассш1 ж Ky 





end; 


procedure Tilain.Processtiumbers(proct Integer); 
begin 
case Processing of 
Accu? + Accu; 





= Accu * Accul; 
4: Accul з= round(Accul / Accul); 


Processing = proc; 
EntryBsy := False; 





Labell caption = IntToStt(Aceul) 
еза; 


procedure Traain.StalClick(Sender? TObject); 
begin 
Айлес (Sender ав TCompohent).Tas); 
‘ScrecaRefresh; 
ева; 


procedure TrMain.StnhddClick(Sender: TObject); 
begin 
Processtiunbers( (Sender as TConponent): Tag); 
Screenkefresh; 
ond; 


procedure TFHain.BtaCirClick(sender: TObject); 
begin 

Clesraccu; 

Sereentefresh; 
end: 


end. 
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REPLACEMENT FOR Н 


Prof. Martin Ohsmann 





Valve circuits and radios in particular are 
graced by vast crowds of enthusiasts. If you 
want to keep your prize vintage radio as 
authentic as possible while actually using it 
from time to time you need a HV (high 
voltage) battery or its electronic equivalent. 


One of the most popular types of vin- 
tage radio running off a h 
(HV) battery is the vai 
medium-wave or long-wave n 
Ifyou decide to use а switching 
up converter for the 90-volts plat 
supply then a design using the usus 
30.50 kHz ing frequency 
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In many cases, the problems are 
isurmountable. 








indeed: 50 Hz (or 60 Hz) This 
approach not only ensures that hi 

monics at, say, 200 kHz remain at а 
negligible level, but also that an off 
the shelf mains transformer may be 
used, eliminating the need for con- 
structors to wind their own transform. 
ers or inductors, 

Also, at 50 Hz even standard CMOS 
logic will be able to reverse the gate. 
charge on a MOSFET at a sufficiently 
fast rate. Neither do we require fast. 
high-voltage diodes, the ubiquito 
14007 handling the job with ease. 
With the above concept in mind a 
circuit diagram is quickly drawn 
(Figure 1), 











Logic gates inside a 74HC04 IC are 
configured as an oscillator with a com- 
plementary driver for two small power 
MOSFETs. The MOSFETs power the 2 
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Figure 1. Circuit diagram of the 50-te switching step-up converter with +90-V output. 


x9 V, centre-tapped 170-mA secondary 
ofa reverse-connected' mains trans- 
former. The resulting alternating volt- 
age at tho primary side is rectified and 
filtered by two ‘beefy’ electrolytic 
capacitors. For simplicity's sake no 
regulation circuit is included, only two 
"hleedor' resistors R7 and RS lower the 
output voltage under no-load condi- 
tions while also discharging the reser- 
voir capacitors. 

‘The output voltage (at the 0 and 490 V 
sockets) is electrically isolated fom the 
supply circuit at the primary side, The 
inverter proper is powered by five 
series connected NIMH cells of 1.2 V 
‘each. These cells may also double as. 
filament supply, for example, for 1 
valves requiring 6 volts. A separate 
converter output supplies +12 volts 
obtained by rectifying the switching 
signals applied to the transformers 
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primary winding, the diodes conve- and Dî protect IC1 against excessive 
niently doubling as transistor surge supply voltage levels. 
protection devices, Components R& With no regulation available, the con- 





Figure 2. Copper track layout and 
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component mounting plan. 


COMPONENTS LIST 


Resistors: 
RI = 1М05 

R2 = 100k 

R3 RÁRSRB-- 1000 
Ré = 1500 

R7 = 10k0 

R9 = 680k 


с 
Er jr 
T, onm lcd pc 


(€6,C7 = 47005 200V radial (dio. 
25mm, ‘snopin’; Fornell # 437913] 


Semiconductors: 

DÌ = zener diode 6 2V OAW 

257 = 1N4007 

TI,T2 = IRID120 {International Rectifier; 
Farnell # 362-1066) 

ICI = 7411004 


Miscellaneous: 

TR] = 29У 3VA mains transformer 

РСВ, available from The PCBShop, ref. # 
0402071 





Figure 3. Finished prototype of the converter 


vorter's output voltage is dependent 
оп the load connected. Some test val- 
ues obtained at a supply voltage of 6 V 
are listed in Table 1. 


Construction 


Both the construction and the compo- 
nent choice ate uncritical. The MOS- 
FETS are housed in 'hexdip' cases. The 
drain connections are the intercon- 
nected pins. The two radial electrolyt- 
ics C4 and C5 are mounted horizon- 
tally to save space. Do not forget to fit 


the wire link between the transformer 
and T2. 

If you want to keep hum levels to a 
‘minimum, itis recommended to screen 
the entire circuit using tin sheet metal 
‘which will also reduce the risk of mag- 
netic coupling. The finished circuit 
board is shown in Figure 3. 

Different output voltages and powers 
may be created by using appropriate 
mains transformers. 


Warning. The circuit generates dan- 
gerous voltages. No part must be 


Table 1, Measured valves 
(6 V supply voltage) 








No load 

Current consumption | 48 mA 

Y2N output "ev 

90 output [пзу 

12-V output loaded ] 
‘Current consumption | 207 mA 

12V ойра, 

ха 954v 

[9 vod — lov | 
{not looded) pey 





Current consumption 
(33 ko} 


Current consumption 
aka) "т 


| Current consumption | 
(165 ka) инк | 


101 mA 


121 mA 








[n2 nav 


| 32-V and 90-V outputs loaded | 
оТ | 








Figure 4. During our search for a 
photograph of a ‘real HT battery os 


used in rodios we 
соте across this brilliantly styled kit 
from Kit Radio Company. 


touched when the circuit is in opera- 
tion and all relevant electrical safety 
precautions should be observed 


Picture source 
Kit Radio Company, Westerham 
(inkoductory photograph and Figure 4). 


Web pointer 
йир. / hometown ool co.uk/ ht о/ 
Гат 

Rodio Мз including HV batery 
replacement КЕСА), components and 
free constuction guides. 
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апа Moon Phase on one display. 





PICK YOUR OWN ANNUAL SUBSCRIPTION 
and receive this wireless 433 MHz weather station*! 


Make your choice: 


* Elektor Electronics annual subscription (standard) 
You receive 11 issues, including the July/August double issue. 


* Elektor Electronics annual subscription-PLUS 
You receive 11 issues, including the July/August double issue, 
plus a copy of the Elektor Electronics Volume 2004 CD-ROM 
(normal price £16.25). Your saving: approx. £10.00! 


Please fill out the Order Form with this issue. 
‘Subscription rates and conditions may be found at the back of this issue. 


* Offer available to Subscribers who have not held a Subscription to Eleitor 
Electronics in the last 12 Months. Offer Subject to Availabilty. 








E-ONLINE 


Free Internet 


does pet exist 





Of course, there's no such thing as free Internet, but surely that 
does not mean you have to pay the bill? Today, with a little 
ingenuity and some experimentation it is often possible to tap 
into a neighbour's wireless network, if it is not, or not sufficiently, 
protected. Many people use WLAN and WiFi equipment out of 
the box and totally forget about installing or even enabling 
encryption. The result: lots of ‘free’ Internet access points! 

















Sheer negligence and 'Dilbart's Boss 
thinking’ are not the only reasons for 
the occasional hubbub in the press 
‘about (corporate) networks being 
easily accessible by опу WiFi user 
within radio range. The phenomenon 
is not just caused by weok encryption 
technologies, but also by many pri 
vate computer users and professional 
system operators being sloppy in 
their dealing with encryption keys 
and passwords. 
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їп many cases, no encryption key is set up at all, result 
ing in a system that’s aboul as open os it gels and conse- 
quently allowing free Internet access by any nor-aulho- 
rised user within radio range. 





Hacking -— Eher 
In practice, however, totally open systems are a rarity- inder 
Using software like “Airopeek’ [1] you con get a quick = 

Ё СНЫ 


overview of what's on the air in your area, ond which 
networks are protected. The three mast popular encryp- 
tion standards are listed in the table, with the 
less than respectful nicknames given to them by hackers 
— clearly, WEP is the least powerful standard. 
Unfortunately (or should we say luckily), WEP is currently 
the widest used standard — ond highly vulnerable itis, 
see [2] and [3]. 


Puting aside the question whether breaking into a pro 
tected wireless network is immoral or even illegal, it is o 
fact that free Internet access is perfectly possible. 


Countermeasures 

Of course, you do not went unouthorised users appear- 
ing on your wireless network. New that you are aware 
that the greatest imperfection is in the standards) used to 
protect the system, it is fairly easy to come up with effec- 


tive countermeasures. 


The obvious choice would be an access point employ- 1 10 Wi: veri 
ing WPA (Wifi protected access) based on the Wifi Zoneinder: row ione org/zon 


802.11i standard. However, if you already have а [8] HotSpot Haven: wore 
router having just WEP, check i tis possible lo 

employ ‘authentication’. Using the 802. 1x standard 
that’s common for these systems, a new 
connection/session key is assigned to a user any time 
he/she logs onto the natwork. This does, however, 
require on authentication server (RADIUS; remote 
authentication dial-in user service] but there are also 








access points on the market that have such a server as 





ап integrated facility. This setup no longer allows 
eavesdropping on the traffic carried by the access 
point using а previously ‘hacked’ or stolen key. More- 





over, the key is invalidated when the session is over. 
For continued protection, о recommended procedure 
is to log out and on again from time to time. 


Besides RADIUS there are other measures that can help. 
to increase system security. A step-by-step guide to com- 
missioning o wireless network may be found ot [4] where. 
security gels o lot of attention. 


legal 

Finally, we would like to mention a few links to socalled 
‘hotspot directories’ [5, 6, 7 and 8] . These are guides 
оп the Internet listing locations of publicly accessible 
wireless networks: However, most access points found in 
these direclories are not actually ‘ree’ and access hos to 
be paid for. Paidup service or not — here, foo, poorly 
protected networks are ап open invitation to hackers. 
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Step-up Converter 
for White LEDs 


Dirk Gehrke 


White LEDs are increasingly used for 
lighting applications in battery-powered 
equipment. To cope with the effects of a 
fluctuating supply voltage, a constant-cur- 
rent source is a must. 


There are now countless applico- 
tions where white LEDs [light 
‘emitting diodes] ore used os 
(background) light sources. As 
examples we could mention ICD 
or keyboard backlighting. Altes- 
natively, white LEDs have advan- 
tages in bicycle lights and 
energy friendly pocket flashlights 


series connected NiMH, NiCd 
ог alkaline cells; 


“vp to six seriesconnecied white 
LEDs powered from three 
seriesconnected NiMH, NiCd 
ог alkaline cells, or from o sim- 
ge Lithiumion сей. 


For the first option it is sufficient to 
hove on input voltage range of 
1.8 V to 6.0 V, for the second, 
а range of 2.5 V ю 6.5 V. 

The TPS61042 from Texos 
Instruments îs a PWM 


The circuit shown here allows 
Two variants to be built: 


“up to four seriesconnected 
white LEDs powered from two. 
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Figure 1. Step-up converter TPS61042 for operation with up to 
six white LEDs. 


QFN — a troublesome case 

The IC used п the proposed cris only oil in on SHO case wiht hok 
вході iis ard to deny ба the Qood Ни No Leed (OFN) азе (ak. Smal 
(tine Me Leod or ЗОНТ, saves cest and board spare, às for rom del fr топи. 
ol soldering vig jus o solder ron. Undoubtedly the Bestway to fl he IC on a 
heard is to use inka ed booting. 

Во on experimental constuction, a QFN IC may be omeded up by huning i over 
nd (quickly) soldering o wire 1o the connection pads Unfortunately thot is ool sa 
simple ийй бе ТИМ? becouse it hos o metal orea ct е underside (power. 
pal) Ња assists in transfering chip heat o the PCB surface. A suggestion for exper- 
‘ent ке of te chip would be to solder o thin copper яр ond o miniature 
heck з the power po. This requires бену бодун 

oc you've cst the IC wits preted pods onta the boord, o larger 
‘ole may be mode under бе power pad ond Мей wi solder o esohlsh а thermal 
cantac withthe PC, 


A further useful function is the 
ability to switch the chip on and 
off via the CRTL pin, The switch- 
mode converter is activated 
when the CTRL pin is taken to the 
input voltage level. When CTRL 
is pulled to ground potential, he 
TPS61042 goes into ‘sleep’ 
mode, reducing ils current con- 
sumption to a mere 0.1 pA. 


[pulsewidth modulation) stepup 
converter configured оз a con- 
stantcurrent source. This setup 
allows а constant current flow 
to be set up through а number 
of series connected white LEDs. 
The value of resistor RI 
between the FB and RS pins of 
the chip and ground fixes the 
LED current о! 19 mA. An on- 
chip OVP circuit protects 
against damage from overvol- 
age. The circuit deactivates the 
switching transistor at on output 
voltoge greater thon 30 valis. 
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DIY sides without having а real Simple Mains current to keep them topped up. 
-Plati through plated hole available. The charge current is supplied 

| Through-Plating PE уш ess. Failure Alarm SES the mins обор, oes 
| fera doublesided printed circuit ways. Using the ‘Copperset зух Jacob Gestman Geradts RI. The lotter is dimensioned 
board to be produced suecesshily tem from Mulicore itis possible such that ее charge current 


with minimal ool, itis frstneces to produce a perfect electrical А ‘Mains Failure Alarm’ was ofa just a few mA is obtained, 
sary lo have perfectly aligned contact with a professional look published on page 70 of the 

films of he solder and component in no time ot all. July/August 2004 issue of Elek. When a power cul occurs, the 
sides of he board. Ancther impor. Holes that need to be through. for Electronics. Although that ci- transistor in ће circuit will con- 
Jant aspect is the throughploting plated ore first filed with tubes cuits full of ingenuity, it may be duct and DC buzzer Bz} will 
of those holes in the board that (Ьай bars) snapped off Кот а a bit over ће юр given the pur- produce some noise. Once the 
establish а сопіс between rocks larger bar. The tubes contain a розе, which boils down fo mok- circuit has done its job — alert 
or pads atthe component and sot solder core [1]. Using the mini ing o noise when the mains vol. ing you that the mains voltage 
der side. А common error made anvil and the centre punch tools age disappears. The author has vanished — you or your 
by beginners is IC sockets being (2) the tube is fixed in the hole (3) thought the same could be housemates will soon want to 
жр бопе and soldered ol he ond thn soldered 4} Applying achieved, wilh consdesobly silence he buzzer. This is done 
solder side ond then discovering Ње usual desoldering methods, fewer parts. by pressing S1, which lakes the 
that i is impossible to reach the the tube is then opened [5] alow. iransistor's base to ground. 
pads at the component side that ing the component lead to be If you compare the two schemat- 
‘also need soldering. Without inserted and soldered (6). If he ics, you will agree that alihough 
troughploted holes, component hole only serves оз o ‘via’ then a lot of ports have been omited, 
leads with а pad contact at both steps [5] ond (6) ore not required. с backup energy supply 
sides the board need io be sol Ths Malicors Copper com remains а centro! ond indispen- 
dered at the component as well as tains the special tools and three sable part. In the version pro- 
the solder side! bars of 500 tubes with diameters posed here, an array of NiCd 
А method offen applied in the of 0.8 mm, 1.0 mm ond 1.2 тт. calls is used. The author sa 
Elektor labs when stuffing proto- The kit is not cheap (famel]bu vaged them from on old cordless 
types of boards that will be mass fortunately the bail bar tubes are drill that was binned becouse of 
produced ‘throughploted’ is ю also sold seporotely and who's о duff battery pack. As in many 
run a very thin wire [copper йг} тоге they ore созу to handle other cases, just two cells tumed 
along with the component lead мй just commonergorden tools. о to be beyond hope, the oth 
and soldering it onlo а copper The system is suitable for boards ers working just finet 

track The wire is easily obtained мій a thickness of up fo 1.6 mm. 








by pulling it from a multistrand cesse With mains vologe normally 
cable. In this way, contact is present on the power outlet, the 
established between the boord Supplier: wun farnelinons com cells ore charged with o small 
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inside ovt 


RF Detection 


David Daamen 


WiFi detectors are small gadgets that claim to 
detect wireless access points for computer net- 
works. The effectiveness of these devices is 
already covered in many Internet articles, but 
here you will find out exactly how they work. 


Tb begin with, we opened the 
first device we had to hand; 
soe Figure 1 (Kensington "WiFi 
Finder’), It was immediately 
apparent that it used a fairly 
large number of components. 

Apart from a large section of 
passive components (resistors, 
capacitors and inductors) we 
counted five transistors and 
three ICs. All components, 
apart from three LEDs, were 
surface mounted. On the other 
side of the double-sided PCB 
‘were two watch batteries. 


Principle 

It soon became clear that the 
heart of the circuit was an RF 
detector IC made by Maxim, 
the MAX4003. This iogarithmic 
amplifier is preceded by an 
input stage consisting of an 
aerial printed on the PCB fol- 
lowed by а few fiter and 
amplifier stages. — The 
 MAX4003 converts the RF sig. 
nal into a DC voltage with an 
amplitude that corresponds 
logarithmically to the ampli- 
tude of the RF signa. 

‘The DC output signal is ampli- 





Figure 1. With SMBs you con put a lot of functionally into a key fob, 


fied further by an opamp 
(MC33202, ON Semiconductor) 
and then fed to an A/D con- 
verter input of a microcon- 
troller (MSP430F1101A, Texas 
Instruments). 


Microcontroller 

The primary function of the 
controller is to periodically 
measure and evaluate the sig- 
nal strength of the input. 
Three LEDs are used for the 
display: a bi-colour LED indi- 
cates when a measurement 
takes place (a short red flash) 
and together with two green 
LEDs it forms a mini bar 
graph meter, which shows 
the signal strength as one of 
three levels. 


It is clear that the controller 
doesn't look at the contents of 
the received signal there is 
nothing left of the digital infor- 
mation after the detector IC; 
just the RF energy is meas- 
ured. This became even more 
evident by the fact that tbe 
detector also reacted to a Bine- 
tooth signal (very) near by. In 
practice you'll hardly notice 
this when searching for wire- 
less networks, since Bluetooth 


signals are much weaker than 
WiFi signals, 


Selectivity 

The only selectivity offered by 
this circuit when it has to dif- 
ferentiate between wireless 
networks and other RF signals 
is achieved by tho fiters in the 
input stage. These ato tuned 
to the band used by 802.11b 
and g wireless networks 
(2412 MEI to 2482 MHz). It is 
clear that such a passive filter 
is not perfect. When a GSM 
‘phone (900 or 1800 MHz) is 
nearby: this also causes a few 
LEDs to light up. 


RF detection 

You may well wonder if there. 
isn't an easier way. If you only 
need to measure the RF 
energy there should be some 
simpler alternatives. Although 
This is the case, there are still 
very good reasons for using а 
logarithmic amplifier. 

There are two other methods 
dor measuring high frequency. 
‘power, but both of these have 
significant disadvantages, 
We've put the three methods 
in а table along with six 
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CAMBRIDGE MICROPROCESSOR SYSTEMS LTD 


Unit 17-18 Zone 'D' Chelmsford Rd. Ind. Est. 
Great Dunmow, Essex CM6 1XG 
Telephone: 01371 875644 


email: sales@cms.uk.com 











LED 


kitchen table 


BEDSIDE LAMP 9 


with turn-off delay 





gear then lamp circuits using LEDs offer a good chance of 
success and allow a little bit of electronic experimentation. 


Опе of our readers has come up with 
this simple but useful addition to the 
bedside table. The lamp is activated 
either by pressing a push button or 
automatically when the in-built micro- 
phone detects a noise. Once lit the 
LED remains on for a predetermined 
time. The circuit has quite modest 
power requirements and four recharge- 
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If you are not lucky enough to have access to expensive test 


able NIMH celis (BT1) will be sufficient 
to power the circuit for a couple of 
months of intermittent use before: 
need to be topped up. The complet 
circuit takes around 400 А in standby 
and 24 mA with the LED burning. 

The microphone requires a connection. 
to the positive supply via R1 and the 
circuit diagram (Figure 1) shows it AC 





coupled to 
ICLC. те 
‘microphone sen 
sitivity is to 
some extent 
governed 
by the 
value of 

R1. 
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A value of 15 kQ is recommended but 
it may need to be changed to suit the 
sensitivity of your particular micro- 
phone capsule. At maximum sensiti- 
vity the LED was triggered by pressure 
on the microphone diaphragm from а 
draft of air produced when the 
bedroom door was opened! 

Capacitor C1 is used to remove the DC 
‘component of the microphone signal 
while R2 ensures the resultant AC sig- 
nal is referenced to earth potential. 
Resistors R3 and R4 form a potential 
divider to provide the voltage thres- 
hold at the negative input of compara- 
tor IC1.C. Whenever the signal level 
produced by the noise exceeds this 
threshold value the output will go high 
and switch on Т1. Capacitor C2 will 
then be charged and the voltage level 


оп the positive input of ICLB will rise. 
exponentially. Pressing pushbutton 51 
will have the same effect because it is 
wired in parallel with Т1. The char- 
ging path of C2 has no series resistor 
so even a very short duration sound 
will be sufficient for C2 to fully charge. 
ICLB is configured as a comparator 
‘with resistors R7/RB forming a poten- 
tial divider defining the threshold vol- 
tage of 20 % of the supply voltage 
(about 1 V) at the inverting input. 
When C2 is fully charged it takes 
around 1.5 min for the voltage to fall to 
this level while discharging through 
resistor R6. 

The last opamp 1С1.А is configured as 
an amplifier together with transistor 
T2 The LED current (and hence bright- 
mess) can be altered by changing the 


value of R11 (lig = 0.44 V/R11), The 
voltage developed across R11 is used 
by IC1.A to control the conduction of 
T2 in a classic feedback configuration. 
This ensures that the light intensity of 
D1 remains constant even when the 
battery output voltage sinks to the 
sharp knee" in its characteristic. Con- 
nectar K1 allows an external charger to 
recharge the cells. 

‘The PCB component placement (inclu- 
ding a socket for IC1) is shown in 
Figure 2. It is not necessary to fit any 
wire links and apart from the semicon- 
ductors there is only one polarised 
component (C2). It may be tempting 
fate but there is hardly any opportunity 
to fit any component incorrectly! The 
LED is soldered in place once the PCB 
is fitted into its enclosure and the LED 





ha [cz / Ugn] = -4/ R62 


Turn off delay calculations 


The LED turnoff delay fime is relatively simple to calculate or 
change if required. The output of comparator IC1.B remains high 
оз long оз the signal on the noninverting input [pin 5) is above 
the voltage on the inverting input (pin 6). The voltage level ot 
pin 6 is given by: 


Urns 6 = п x RB / (R788) 


The voltage across C2 discharges according to the natural logo- 
rithm funcion: 


Uea = Usny ette 
Rearranging the equation for t: 


Ucz / Чып = e/a 


VIS die deis 


t= -ROC2 lo [Ucz / Uani) 
Ucz and Ups, а should be equal so substiving: 
1= -R6C2 x In (Uer x RB / 87588) / Usni) 


The Ьовегу уойоде con be cancelled from the equation so thot 
the tum off delay fime is only dependant оп the resistor ond 
capacitor valves! 


1 -R6C2 x in R8 / (R7+R8}) 
‘Substituting actual component values we get: 


17106 x 47x10 x la [10° / 49107] =75 s 
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positioned through an opening. A 
reflector can be fitted to help concen- 
trate the LED light. 

Wire connections to the PCB can be 
made via solder pins. It may be possi- 
ble to connect the charging socket and 
pushbutton directly to the relevant 
Bins without the need for wire but this 
will depend on the type of enclosure 
that you use. The microphone capsule 
can be mounted inside the case but 
don't forget to provide an opening to 
allow sound waves to reach the micro- 
phone. 











Figure 2 
LIST Hei кї = TiC274. 
= im- 
10-106 TIJ2 =BC547B 
Resistors: Miscellaneous: 
LEES C1 = 220 BII = battery holder for 4 NiMH cells 
R2RB,R? = 1000 C2 47y 16V redial KI = charge socket for batteries 
#3 = 220 МІСТ = clocret microphone capsule 
RA = 506 ‘Semiconductors: 51 = pushbutton, 1 moke contact 
R5 = бав D1 = ED, white, e.g, Conrad РСВ, ref. 030122-1 from The PCBShop 
Ró = IMO Electonics $ 153867 Enclosure 
p 
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ELEKTOR AUDIO BOOKS 3 must-haves for all audio-enthusiasts! 





Build your own 
Audio Valve Amplifiers 


To many people, the thermionic valve 
‘or electron tube is history. However, 
whether it is nostalgia, interest in the 
lechnical parameters, the appeal of a 
gleaming amplifier chassis with soltly 
glowing valves or perhaps the firm con- 
Victon that the sound of a valve cannot 
be battered, it is a fact that the valve is 
‘making a come-back. This book con- 
tains, apart from construction projects 


for preamplifiers, power amplifiers, and 
ampitiers for musical instru- 
ments, information on the. 
‘operation of electron tubes, 
while the first chapter gives 
а short history of the valve. 


ISBN 0 905705 394 
253 Pages 
£1555 (0853100) 


Modern High-end 
Valve Amplifiers 


Маме amplifiers are regarded by many 
1o be the ne plus ultra whon й comes 
to processing audio signals. The com- 
bination of classical technology and 
‘modem components has resulted in a. 
revival of the valve amplifier. The use 
of toroidal-core output transformers, 
developed by the author over the past 
15 years, has contributed to this revi- 
val. This book explains the whys and 
wwheroforos of toroidal output Vansfol- 
mers at various tech- 
nical levels and offers 


for achieving pertect 
audio quailty. 


Build your own High-End 
Audio Equipment 


The name high-end equipment is a good 
indication of the prices charged for it For 
those who cannot, or will not, pay these 
high prices, there is a solution offered in 
this book: build your own at considerable 
cost savings. This book is aimed not only 
al this sector of the market, but also at 
the many enthusiasts who want to be able 
to experiment and to make their own 
‘modifications to their high-end equipment. 
Contents include solid-state and valve 
preamplifiers and power 
‘amplifiers, active cross- 
over fiters, an active 
subwoofer, a headphone 
‘amplifier and more. 

ISBN 0.905705 408 


262 Pagos 
£1555 (USS31.00) 
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e Watimeter” about 10 years ago The size of the instrument andis obtain as a one-off ond certainly 
Marconi TFLTS2: e ka aD peels kom. enhycanylog howls betes Be: еда аео наснаа. 


itme! оп electronics surplus store. | weight — in o positive моу hobbyist. 

RF Wattmeter {guess й моз buih in the easly becouse the TFIIS2 is very The S02 RF lood inside the 
1970's. From the availoble sock easy to carry around. TF1152 looks like а tapered 

Jan Buiting in the crammed store | wos cars | hove used my TF1152 to test tube running almost the length of 


ful fo pick a TF1152 with a not and adjust more PMR equipment the meter’s case (see photo- 
Inline with his month's focus on too clean loce but clearly thon core to remember, oloon graph). Near the end, | was only 
all things Wireless | am covering marked ‘50 above the Маус windswept hills ond towers and — able to see what looked like a 
а vintage instrument that hos input socket. These meters oso in radio amateur shacks covered ceramic insert. The VSWR of he 
given me many years of excel come in 75 Q guise which | in thick cigar smoke. The meter mysterious load was found to be. 
lent service and peace of mind believe is mostly for use in pro needle will faithfully indicote less than 1.10 across the band. 
а! а very smoll invesiment fessional systems employing 75- 200 mW or less of RF power Тһе accuracy of an RF wattmeter 
indeed. If you like to work with £2 coax cables. Yes, N connec even on 70 cms. The needle is not terribly important, os on 
transmitters, large or small, the tors also exist in o 75-2 variety response enables you to do TX VHF ond UHF it makes no differ- 
most important ihing lo have on ond only experts can see tha dit РА trimmer adjustments quickly ence at all whether you're feed- 
the test equipment shelf is not o ference with 50-0 counterparts. ond with confidence сз you con ing 15.0 watts or, say, 16.1 
hefty power supply, nat a spec- For years | dreamt of owning а observe he power output ‘rend’ watis into your antenna system. 
frum analyser, not Teflon timmer Вісі Termoline’ (no typo) — try that on a madera instru- Despite he presence of wo hefty 
tools ог any newfangled bit of  wattmeter with a box of those ment with digital readout ‘and clearly labelled pots inside 
LCD multimeter. Forget bout beautiful plugins for various 1 must admit Í never bothered tothe instruments | never fell he 
these — invest in a proper bonds and power levels. To cut look inside the instrument ший! need to recalibrate my 11152 
dummy load аз it will give you a along story short: оо expensive storied to write this article. The against, dare | mention it, a 
feeling of utter confidence that for me. wattmeter being of the ‘obsorp Bird. I'm sure ће guys who 
the (expensive) transmitter is (1) The TF1152 combines the func tion’ type, it contains a thermis designed and built the TF1152 
always properly loaded and (2) tions of widebond dummy lood юг bolometer element in a glass knew what they were doing. 

prevented from radiating away. and accurate RF power meter in encopsulation. This element is 
‘Much lo he amusement of some а single lightweight cose pointed electrically incorporated in o 
‘of my more DCindined fiends, if a dull techno-grey’. Mins has a bridge circuit together with sev- 
unknown equipment lands оп 13igit number engraved in he erol calibration ond (thermal) 
ту benchiop | invariably hock front panel which I suspect is o compensation elements. А small 
up the wattmeter before anything МАТО stock number (n.s.nJ. The bead inside the thermistor con- 
else and then carefully inspect instrument has twa swich-selec. sists of a compound of metallic 
the соох lead and adapters if table power ranges with maich oxides possessing a negative 
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applicable. ing moter scales: ОЛО W ond О temperature coefficient of resist 
| bought my, Marconi 25 W. lts frequency range is 0 once. Such a thermistor element 
TFI1S2A/1 “Absorption 1o 500 MHz. is very hard if not impossible to 
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QUIZZ’ AWAY 





Marlin Ohsmann is a Professor of 
Electrical Engineering and Information 
Technology at FH Aachen and a long- 
time contributor to Elektor Electronics 
Through Quizz'away he aims al 
stimulating thought, speculation, 
construction and simulation as well as 
raise interesting questions. 


Quizz'away 
and win! 


Send in the best answer to this 
month's Guizz'away question and 
wîn a 
PS603 HQ-POWER 
1030 V / 0-2.5 А) 
benchtop power supply 
from Velleman worth £65 


All answers are processed by Martin 
Ohsmann in cooperation with Elektor 
editorial stoff. Results are not open to 
discussion or correspondence and a 
lucky winner is drawn in case of sev- 
eral correct answers 
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Lamp intensity 

This fime consider the circuit in Figure 1. Lomps Lal ond La2 each have a nominal 
power P= 1 watt. Lamp Lal has an internal resistance of R1 = 100 £2 while for lamp 
{а2, R2 = 200 Q. Both resistonce values ore applicable at the nominal lamp power. 
The alternating voltage source show supplies a voltage U = 22.63 V ol a frequency of 
50 Hz. The value of capacitor C is such that the component also represents a reoc- 
tance of 200 0 at 50 Hz, in other words, C has a volue of 15.915 pF Initially, switch 
S is opened [os shown in the diagram) and the voltage source supplies a voltage U 
causing lamp La to be supplied with current and the lamp to light ot a certain intensity 


Next, switch S is closed, which leads us to the question: 


After closing the switch, will the intensity of lamp Lal increase, 
decrease or remain the same? 


Followed by a second question: 
After closing the switch, which of the two lamps Lal and La2 
lights brighter? 


2 


5 нё 























Please send your answer 
to this month's Quizz'awoy problem, 
by email, fax or letter lo: 
Quizz'oway, Elektor Electronics, 
PO Box 190, 

Tunbridge Wells TNS 7WY, England. 

Fax (+44) (0)1580 200616. 

jil: editorelaktor-olectronics.co.uk, 
subject: ‘quizzaway 2-05". 


The closing date is 


25 2005 
{solution published in March 2005 issue) 
NS 
fure чигү a 
Sagar bu, ik buses paners ond/or 
sud uid pubishang Bones 
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As of the September 2004 issue Quizz'away is a regular 


feature in Elektor Electronics. 


The problems to solve are supplied by 
Professor Martin Ohsmann of Aachen Technical University. 





(p. 78; Wond'rous Light Chain) 


Surprisingly few correct answers were 
received зо the light chain must have 
been ‘wondrous’ indeed to many of you. 
However, a few attentive readers were 
able to discover, by ‘reverse reasoning’ 
that the voltage source used was not an 
ordinary transformer connected to the 
mains but one producing an RF signal at 
{oboul] 13.56 MHz ond supplying a 
nominal сири voltage of 36 volts into 
360 0. At 13.56 MHz [on ISM fre 
quency often used for RFID), the wave 
length in vacuum, Ag, equals c/f or 
22.11 m. Consequently the cable length 
is not small relative to the wavelenglh, 
forcing us to describe the operation of he 
Circuit in terms of transmission fine theory. 
The impedance of on unshielded twisted 
pair Ethernet cable [i.e., two wires) is 
about 2 = 120 0, which equals the 
internal resistance of he lamps ot 12 V 
/ 0.1 A= 120 0. In other words, the 
lamps are ‘impedance matched" to the 
lines. Since the propagation speed of 
‘waves on the twisted pair lines is about 
0.81 times the speed of light, a cable 
‘with a length Lof 4.5 m as used in cur 
Christmas tree represents exactly a quar- 
ter wave (I = 29/4)! This should start 
some bells ringing in the RF engineering 
department because the wires lo the 
lamps act as quartecwave transformers. 
Figure 2 illustrates what happens. 

The impedance seen at the powered 
point "S' depends on the resistance R 
used to terminate the transmission line. lf, 








in the case of the correct lamp connected 
up, R = ду then the line is perfectly 
matched and an impedance R = zo will 
also be seen al the feed point ‘S’. Now, if 
R becomes infinite, os in the case of o 
defective lamp, the current ot the end of 
the line must be zero, while i is ot maxi 
mom at the feed point (lower drawing]. 
The volioge has the opposite behaviour, 
reaching zero atthe feed point and max- 
ing ot the (open) end of the line. 

In this way, о quarter-wave transmission 
Tine transforms an ‘open circuit’ at the 
end into a shor circuit’ о! the feed point. 
The fine itself then corries a socalled 
‘standing wave’, not conveying energy 
into a direction but cousing energy to be 
exchanged between the electrical and 
magnesic field components — just as with 
о resonant circuit. 








The above effect allows us fo explain the 
operation of the Won'drous Light Chain 
în a simple ond siraightforword way. 
We оге looking ot three lamps con- 
nected іо on RF source via wire pairs 
acting аз quarterwove transmission 
lines. Close to the voltage source, the 
three feed points ore connected in 
series. With oll three lamps intact, the 
‘circuit will function just оз any primitive 
sef of Christmas tres lights. However, if 
о lomp fails, the open-circuit condition 
at the line end is transformed into а 
shortcircuit at the local feed point. Con- 
sequently the source volloge will distrib- 
ме across the remaining network of two 


lamps, which will light brighter. 














2 — emen 


Demonstrating the Won'drous tight Chain 
has a perplexing effect on just about any 
audience. As on interesting variely, see 
what happens if you connect the cables 
in parallel atthe voltage source, as shown 
in Figure 3. For completeness’ sake we 
should finish by adding that a quarter- 
wave Iransmission line transforms short- 
circuit ot the end into an opencireuit con- 
dition al the feed point. All this may be 
fond in ony textbook on RF engineering, 
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ALLGOOD TECHNOLOGY 
‘wwivraligoodtechnotogy com. 

Low-medlum volume sub-contract assembly. 
SMT specialist since 1990. Customers include 
military, aerospace etc. 0402 to BGA capabilities, 
automatic assembly and hand built prototypes. 
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wewaudiopresscom ЖЯ 
The premier do-it-yourself 
audio magazine for 35 years. 
э Hands-on projects 

+ Helpful articles 
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+ New technologies 

Full range of books, back issues оп CD. 


BETA LAYOUT 
www.peb-pool.com 
Beta layout Lid Award- 
winning site in both 
English and German 
offers prototype 

PCBs at a fraction of the cost of the usual 
‘manufacturers’ prices. 


BURN TECHNOLOGY LTD 
http://w butec com 

Test & Measurement Equipment 
Distributors 

* Anemometers « Clamp Meters 
» Light Meters = LCR Meters 

* Sound Meters « Multimeters 

* Device Programmers 

Burn Technology Limited, Winfrith Technology 
Centre, Dorchester, Dorset, DT2 80H 

Tel: (01305) 852090 Fax: (01305) 851940. 


COMPUCUT 

ip wor eompueutters com 

Computer Numerical Control from your home PC. 
Great for tricky jobs, and accurate repetitive 
Work. We supply: - Software - Interface - Manual 
= Support 

Price £250 plus postage. 


CONFORD ELECTRONICS. 
hitg/www.confordelec co.uk. 

Lightweight portable battery/mains audio units 
offering the highest technical performance. 
Microphone, Phantom Power and Headphone 
‘Amplifiers. Balanced/unbatanced signal lines with 
extensive RFI protection. 


DANBURY ELECTRONICS. 
hitp;/wvnlvinginthepast demon co uk. 

Here you wil find our mains and output. 
transformers in Mike Holme's range of valve/tube 
amplifiers (РР & SE). Also circuits, parts ists, 
chassis, advice. 
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DEBUG INNOVATIONS UK 
‘itp. wire. Gebuginnovations.com 
Introducing hassle free prototyping 
* RF/ Analogue = High speed digital 
+ Surface mount * 0.1" grid 
* Power planes 
* Unique patch 
architecture. 
Forget custom PCBs, 
start your project now! 


EASYSYNC 

pev easysyne co.uk 

Евзубупс Lid sels a wide 

range of single and mult 

port USB to RS232/RS422 

‘and RS485 converters at competitive prices. 


ELEXOL PTY LTD 
hiipi siexol com 
Developer and manufacturer of 


+ 0580024 Digital Input/Output Module. 
+ МРЗ Solutions. = MP3MOD4 Module. 
Distributor inquiries welcome. 


ELNEC 

‘wa elnec com 

* device programmer 
manufacturer. 

* selling through contracted 
distributors all over the world 

universal and dedicated device programmers 

excellent support and after sale support 

free SW updates • reliable HW 

once a months new SW release 

three years warranty for mast programmers 


ERVAN INTERNATIONAL CO. 
тирилет ervan-intcom 

Power Electronics and Solar Energy Design and 
Consultants. Also offers; 

Discount prices of: 

* Ultra Bright LEDs.» PCB LED Cluster Kits 
* Laser Pointers © Solar Modules 

+ Batteries 

Compiler, Prog n Drop Visual Development and a 
Well featured debugging environment. 
FOREST ELECTRONIC 
DEVELOPMENT 

https wer огей co uk 

FED supply PIC programmers, Basic modules, 
and development software including a PIC С 


FUTURLEC 


itp nw tuturi com 








Huge range of products available on-line for 
immediate delivery, at very competitive prices. 





x 0044 (0) 1932 564998 










































FUTURE TECHNOLOGY DEVICES 
тїр: їйїр. com. 

FTDI designs and sells 

USB-UART and USB-FIFO , 
interface ics 4 
Complete with PC drivers, 

these devices simplty the task of designing ог 
‘upgrading peripherals to USB 


HAMMOND ELECTRONICS 
http/wewwehammondmifg com, 
salesShammond-etectronics.co uk 
tet 01256 812812, 

Small die-cast, plastic and metal 
enclosures for the hobbyist 

and professional. Widely 

available trom major 

distributors. 


ILP ELECTRONICS LIMITED 
httz//wentailpelectronics.com. 

LP has been in the audio industry for over 30 
years primarily manufacturing 
both standard and custom. 
audo modulos and pre- 
amplifiers. 


IPEVA LIMITED 
itp-/vtvrw реча, com. 

IPEVA sell low cost USB FPGA 
development boards. IPEVA 
provide Design Consultancy 
for Embedded Systems, 
OpenCores-iP, FPGA, ASIC, HDL 
translation and migration. Tel, 0870 080 2340. 


JLB ELECTRONICS 

wv jibelectronics com. 

Suppliers of electrical / electronic parts 

‘and consumables. Including: 

+ Cable ties / bases = Tools / hardware 
© Bontiace ferrules + Connectors 

* Solvent sprays & cleaners * PVC Tape 

* Heat sink compound 


KOMCARD 

їїр./йн\ли.Хопусагй com. 

Leam how to design a PCI card, and write a PCI 
device driver. We lead you step by step with 
practical PCI projects you build. 


LONDON ELECTRONICS 
COLLEGE 

тар |wwwvilec org uk 

Vocational training and education for national 
qualifications in Electronics Engineering and 
information Technology (BTEC First National, 
Higher National NVQs, GCSEs and Advanced 
Qualifications}. Also Technical Management and 
Languages. 





"реа 
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МОР ELECTRONICS PHYZX 

fjv mapelectronics. co.uk Мр тти русо 

Lenders in Device Automatically Plot and Dril PCB's 

Programming Solutions. = Accurately 

* Online shop * Repeatably 

* Low Cost Adapters for all = Mains operated 
Programmers 





* Robust Stee! Construction 
* Gerber RS274X compatible 
* Full XYZ RS232 Control 


* Single Site and Gang Programmers 
* Support for virtually any Programmable 
Device 


NEW WAVE CONCEPTS 
itz/WWwvenesi-wave-concepts com 
Software for hobbyists: 
* Livewire circuit simulation 
software, only £29.36 
* PCB Wizard circuit design 
software, опу £29.36 
‘Available from all Maplin 
Electronics stores and www.maplin co uk 


PCB WORLD 

http://www petworkd ara uk 
World-class site: Your magazine project 
ог prototype PCB from the artwork of 
your choice for less. Call Lee 

оп 07946 846159 for details. 











Prompt service. oe ar A 
PEAK ELECTRONIC units for hobby, mu 

DESIGN LIMITED education Ф 
VM UM GU sn | 

Соо component test applications 

a ircudng Pca | SHES EE‏ را و 


programming solutions. Online ordering facilities. 
Tek: +44 (0) 870 246 1825 

Fax: +44 (0) 870 460 1045 

Ema: sales@QuasarElecironics com 


semis. 

Instant identification, 

measurement and validation. Connect anyway 
round. 

The Peak Айаз family starts from £59. 
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htg-/www.robot-electronics co.uk 
* Utrasonicrangefinders. [~ Г 
* Magnetic Compasses 
RC servos and controllers 
Electronic Design/Development and 
Manufacturer to industry 
p-/fereew echnobots.co uk 
Welcome to Technobots - 
the remate operated robot na 
builder, radio control and 
TELNET 
Wiüp-/WwwlelneLukcom. 
Telnets wide range of quality 
second-user test and 
including oscilloscopes and 
spectrum analysers. 
‘tien uiiraleds co.uk 
tet: 0871 7110413 
bright leds and Led related 
lighting products. Major credit 
USB INSTRUMENTS 
ito-/onas-instruments.com 
instrumentation products and software such as 
Oscilloscopes, Data Loggers, Logic Analaysers 
VIEWCOM 
йрн vleweom f9 co.uk. 
* Mail Order supplier of: 
* Integrated Circuits and Components, 
* Transistors, FETS, Capacitors, Resistors, 
Crystals, ets and hard to find devices. 
Plaistow, London E13 SLT 
VIRTINS TECHNOLOGY 
РС based virtual instrument for 
electronics enthusiasts, 
including full-fledged sound 
card real time Oscilloscope, Spectrum, Analyzer 


ROBOT ELECTRONICS 

= Motor H-Bridge controllers 

* IC programmers and components 
TECHNOBOTS 

the one stop shop specially for 

engineering hobbyist. 

The site shows graphically 

measurement equipment, 

ULTRALEDS 

Large range of low cost Ultra 

cards taken online with same day despatch, 
USB Instruments specialises in PC based 
which interface to your PC Ма USB. 

tek 020 8471 9338 fax 020 8552 0945 

* Кї and parts for Elektor projects. 

Viewcom Electronics, 77 Upperton Road West, 
gown virtins:com = 
students and professionals, 

and Signal, Generator, Downloader and try. 
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sneak preview с 


EL156 Valve Power Amp 

The legendary ELTS6 oudio power pentose is a 
durable, good looking valve endowed with excellent 
sonic properties. Forly odd years ago it was only seen 
in profesional power amplifiers; today (some say) the 
L156 is the preferred choice for a top-notch oudio 
power amplifier with 2 x 90 wats output power. 


р Tester 
An opamp differs Кот, say, o resistor in being dif 
cult o test using no more than а DVM. The compact 

handy instrument described inthis orfi- 
де allows single to quadruple opamps with standord 
pinning fo be tested with uncommon ease. 


ond 


‘Small High End Amplifier 


Audiophile readers know that lots of power does not equate to 


‘cellent sound — in fot, the opposite is ohen the cose! Our small 
highend amplifier is compact end not юо expensive to build, yet 
ochieves superb sonic quality. The amplifier, designed to now 'das- 


SIC Elektr topologies, works happily off a symmetrical 25 V 


RESERVE YOUR COPY NOW! 
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Introduction o IPC21 1x ARMee; 
Аай Sound; Saltire; 

05810 MIDI Converter; 

Spork Transmiter; Delphi Course (3l; 
РСВ Temperature Logger. 
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Flash Microcontroller Starter Kit 
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CD-RON Audio Collection 2 NEW] 


Please supply the following. For PCBs, front panel toils. EPROM. PALs, GAL, microcontrollers and diskettes, state the part number and 
description; for books. stats the full ttie: for photocopiss of articles stats full nama ol article and month and year of publication. 





METHOD OF PAYMENT 
(see reverse betore Uching аз appropriato) 


Note: cheques not made out 
in sterling must be Increased 
by the equivalent of £15.00. 
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Please send this order torm 1o * 
(sec reversa for conditions) 
Elektor Electronics (Publishing) 


РО. Box 190. 
‘Tunbridge Wells TNS 7WY 
ENGLAND 

ты: (444) (0)1580 200 657. 


Fax: (244) (0)1580 200 616 
internat ww alebtorelectronies.co ue 
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| would like: 


0 Subseription-Pius 


‘See reverse for rates and соттон. 





Yes, | am taking out an an annual subscription 
to elektor electronics and receive a free 
wireless 433 MHz weather station*. 


10 Standard Subscription (11 issues) 


(11 issues plus the Elektor Volume 2004 CD-ROM) 


"Offer avaiable ю Subscrbors who have not held a Subserption 
to Ег Electronics the test 12 Months. Олег Subject t Araby. 
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Please send tis order form to 
‘Worldwide Subscription Service Ltd. 
Unit 4, Gibbs Reed Farm 

Pashley Road 
Ticehurst, nr. Wadhurst 

East Sussex 
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Fax (+44) (0)1580 200616 
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Standard Standard — Plus 
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Gameboy Digital Sampling 
Oscilloscope 





CD-ROMS 


Audio 
Collection 2 
A urique CD-ROM for 
the true audio lover, 
containing no fewer 
than 75 audio designs 
from the past five year 


The GBDSO is a plug-in module that turns the 
popular Nintenda Gameboy Classic, Pocket, 
Colour or Advanced into a versatile dual-channel 
oscilloscope: An optional link to a PC even allows 
measured oscillograms to be viewed or stored 
on the PC. 
The GBDSO rocked the electronics hobby word 
and that's why we continue offering ready-built 
GBDSO modules (including the associated PC 
ftware and the magazine arti 


Volumes of elektor 
electro 
The articles on the 

CD-ROM cover test & measurement equip- 
ment, amplifiers, digital audio and loudspeaker 





magazine. 















technology. Highlights includ 
Millennium Edition, Audic-DAC 2000, Audio- 
ADC 2000 and the IR-S/PDIF Transmitter and 
Receiver. Using the included Acrobat Reader 
you are able to browse the articles on your 
computer, as well as print texts, circuit diagrams 
and РСВ layouts, 


the Crescendo 








£103.00 (USS 183.00) 


£12.05 (USS 21,25) Micro Web Server for Internet and Intranet 
Robotics 


A large collection of data- 
sheets, software tools, tips, 





Remote measurement and control is possible via the Internet. 
tricks and interet links to 
assorted robot construc- 


tions and general technical 





Unfortunately, webservers usually sit in large, humming grey cabinets, 
‘That's not the idea! solution for keeping an eye on your refrigerator, 


coffee machine or central heating system. The Elektar Electronics Micro 


= чч Taver rotes erates oret y pops мело 





ilesmatioa Missin, 









modern robotics are cavar- ter board (also known as ‘Precision Measurement Central’) 


now provides network and Internet connectivity, allowing the processor to 





ей, from sensors to motors, 
‘mechanical parts to mic publish its own data pat 
controllers, nat forgetting matching ture loge 





onto the web. The article describes a tempera: 






ger allowing the u: 
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